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Sombreturn leonense gum contains residues of D-galactose, L-
arabinose, L-rhamnose, D-galacturonic acid and D-lflucuronic acTd.
Autohydroly'sis of the gum acid affords a substantially arabinose free
degraded gum and a mixture oi sugars including the disaccharide
3-0-3-L-ar&bin6pyranosy1-L-arabinose. Graded acid hydrolysis gave
a mixture of neutral and Acidic oligosaccharides amongst which the
following have been characterised:
the first two members of the series
0-3-D-galac topy rano sy 1- [0-—>6) -0-p-D-gal.-ctopyrano sy 1 ]- (1—>6) -
—D-galac to s e (n-0-3)»
3-0-3-D-galactopyranosyl-L-arabinose,
2-(J-(a-D-galactopyranosyliJronic acid)-L-rhamnose, and
6-0-(3-5-glucopyranosyluronio acid)-D-lfaluotose.<***° S 255
In addition the following oligosaccharides, present in minor




O-D-gala^topyranosyl-(l—J3 or 4 )-0-c.-D-galac topy ranosy luronic
""aTTi d-(3f—►b) -L-rhamnose.
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Hydrolysis of methylated degraded gum yields
2,3.4,6-tetra-0-methy1-D-galactose,




2,3,4-tri-Q-methy1-D-glucuronic acid, together with traces
of other sugars.













together with smaller amounts of other sugars.
Partial structures for the gum, in terms oi the galaotan frame¬
work, acidic fragments and the acid-labile periphery, are discussed
in the light oi these results.
The structural features oi the gum have been compared with those
oi other gums. Special reference being made to its relationship
Use other side
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the gums of the Combretaceae family and the similarly constituted
Virgilia oroboidea gum.
The nature of heterogeneity that exists in the gum was investi¬
gated by fractionating the gum on anion-exchange cellulose columns.
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A wide variety of substances having gummy characteristics
are termed as gums. Thus the terpenoid resins, rubber, hemi-
celluloses, seed extracts, seaweed polysaccharides and the poly¬
saccharide exudates from plants have all been called gums. In
this thesis the word gum refers to the last of the types mentioned
above. Thus gums may be defined as "those carbohydrate materials
which are exuded from the outer portions of trees and fruits
spontaneously, after mechanical injury or after attack by micro¬
organisms. "
The plants after injury exude a rather mobile solution which
soon becomes a sticky syrup and dries slowly to give hard and
brittle nodules. These nodules are composed almost entirely of
carbohydrate material, together with small amounts of impurities
such as terpenoid resins (which colours the nodule yellow, brown
or red), proteins, dust, pieces of wood etc. If the noaules
contain acetylated polysaccharides then they smell faintly of
acetic acid due to decomposition. Most gums dissolve in water
to give highly viscous solutions and others swell up to give gels.
Almost all gums are soluble in dilute alkali and insoluble in
organic solvents. Molecular weights of the gums are usually
very high, as high as 9,500,000 has been quoted for Karaya gum (1).
The gums may consist of more than one polysaccharide and
these are heteropolysaccharides as their molecules comprise
anything from two to four main neutral sugars and one or two
uronic acid residues. The most common neutral sugars are D—
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galactose, L-arabinose, L-rhamnose, D-mannose, and D-xylose,
whereas L-fucose occurs in rare cases. The aronic acids are
D-glucuronic acid (sometimes as its 4-0-methyl ether) and D-
galacturonic acid. Each of these sugars may be involved in
more than one type of linkage in the same polysaccharide.
The gum polysaccharides have a highly branched molecular
structure and they are amongst the most complicated known to
organic chemists. Their structure resembles closely those of
the bacterial polysaccharides and the mucilages. In fact, there
are no general structural differences between plant gums and
mucilages and they are usually reviewed together (2-6), in spite
of the difference in their mode of origin and their function in
the plant. Mucilages are products of normal plant metabolism,
they are isolated by extraction of different parts of the plant
in which they are known to serve as food reserves or as reservoirs
of water.
The origin of gum exudates, however, is still in doubt.
The gums could, like the mucilages be the product of normal plant
metabolism, or they could arise from pathological conditions.
There is evidence to favour both these views. For example, gum
tragacanth is produced immediately after mechanical injury and is
thus probably a product of the tree itself. Also the exudates
irom one tree or different trees of the same species, are remark¬
ably similar in their composition, whereas one might expect dif¬
ferent bacteria to produce different gums on trees of the same
species. The latter view, which is the less favoured of the two (5)
has its main support from experiments carried out by irmoculating
\
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bacteria into trees, thus producing gummosis. The observation
that healthy Acacia trees do not produce any gums, whereas the
ones growing under adverse conditions such as high elevation and
lack of moisture produce gums in great quantities, is claimed as a
support for this view. This, however, could be due to the fact
that under such conditions the bark of the tree cracks, causing
gum exudation. In this context it is interesting to note that
the supposedly infected and diseased Acacia trees continue to
survive and propogate.
It is not possible at the moment to draw conclusions on this
problem, and it is not unlikely that there is more than one reason
for the production of gum by plants.
The most likely function of gum formation is to prevent loss
of moisture by sealing off the injured portion and to prevent
invasion of the tissue by micro-organisms (3). The capsular poly¬
saccharides of pneumoooccus are known to offer protection to the
pneumococcu3 organism;gums which are very similar to the above
polysaccharides have been suggested to have a similar function of
protecting the plant tissues (2).
Some of the other problems facing the carbohydrate chemists
are the source of structural material for gum within the plant, and
whether gums are formed at the site of injury or whether they are
generated elsewhere inline plant and then transported to the
injured site. Some understanding of these problems oould be
expected if the structural relationship of the various carbohydrate
materials present in the plant, such as starch, cellulose, hemi-
cellulose, gum &nd pectin were investigated.
Whatever the exact origin of the gum exudates may be, it is
believed that the^ are more .probably formed by some type of
enzymic polymerisation, rather than b,y direct chemical poly¬
merisation (2).
There is no generally accepted system of classification of
gums, even though classifications based on physical properties such
as solubility and those based on chemical composition, such as
nature of uronic acid, are available.
A large number of plants, particularly the fruit trees and the
thorny shrubs which are found in hot dry climates are capable of
producing gums. The bulk of the gum for industry is collected
from wild trees, by h-.nd picking. Some of it comes from trees
specially grown for this purpose in gardens. Over one hundred
species of genus Acacia produce gums known commercially as Gum
Arabic. Other gums of commercial importance are from the species
of Astragalus, Prunus, Streculia and Gombretaceae. The marketing
of gums under collective names leads to confusion in structural
work and definite conclusions cannot be drawn unless botanical
origin of a particular sample is known.
Gums have been of use to man from ancient times. Egyptians
used them for paint thickening and embalming purposes, as far back
as 2000 3.0. At present, they are used in industry for a variety
of purposes, such as textile printing, paper-making, adhesives and
emulsifiers. Being tasteless and harmless the., are also used in
pharmaceuticals, confectionery and cosmetics.
The scientific investigation of gums is desirable from the
point of view of their importance in industry and their close
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similarity to bacterial polysaccharides. But perhaps the most
important reason lies in the fact that "it leads to some of the
fundamental problems in carbohydrate chemistry, namely, the
mechanisms by which the primary products of photosynthesis, which
appears to be based on D-glucose, are transformed into other
hexoses, uronic acids, methyl pentoses and pentoses." (5)
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PURIFICATION AND FRACTIONATION.
The polysaccharide material in the gum usually exists as the
neutral or slightly acid salts of cations such as calcium,
magnesium, sodium and potassium.
The powdered gum is dissolved in water or in dilute sodium
hydroxide and the insoluble extraneous matter such as pieces of
wood, insects and sand are filtered off. The free gum acid is
then precipitated by addition of acidified organic solvent, usually
ethanol, leaving the low molecular weight material in solution.
Other organic solvents such as methanol, acetone and acetic acid
have also been used. Further purification of the polysaccharide
may be effected by reprecipitations, dialysis or by treatment with
ion exchange resins. The purified polysaccharide is either
freeze dried or dried by trituration with absolute alcohol or
acetone followed by drying in a vacuum pistol. However, it is
reported (8) that carbohydrate materials which have been either
freeze dried or vacuum dried up to temperatures at which the de¬
composition of the material begins, still retain water and organic
solvents. Also, the solvent used for purification might have
some effect on the poly saccharide. Drummond and Percival (9)
found a fast moving sugar corresponding to a mono-0-eth,y 1 sugar
in the partial acid hydrolysate of the gum exudate of Alblzzia
aygia, which they had purified irom ethanol. They consider this
sugar to be an artefact produced by the ethanol, since this sugar
was not detected when propan-2-ol was used instead of ethanol for
purification.
In all polymer chemistry the most important and at the same
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time the most difficult problem is to establish the homogeneity
of the starting material. Unfortunately complete homogeneity
of a sample cannot be established directly. However deviations
from it may be detected by examining the sample by as many as
possible of the methods available to assess homogeneity. In
polysaccharide work the necessity to assess homogeneity is even
greater now that new ohemical and biochemical techniques of high
degree of precision have been developed to investigate the fine
structures. Several polysaccharides, including some gums, are
known definitely to be heterogeneous. For example, gum tragacanth
(13) and Khaya senegalensis gum (12) have been fractionated into
polysaccharides with entirely different chemical structures. In
other cases, the polysaccharides are assumed to be homogeneous
mainly because of the failure to effect fractionation by any of the
several methods available. The heterogeneity of a polysaccharide
may be of three different types. The polysaccharide may be made
up of a mixture of
(i) poly saccharides containing different sugar components or
the same 3Ugar components linked in different ways,
(ii) polysaccharides containing the same component sugars linked
in the same way but in different proportions,
(iii) polysaccharides differing only in their molecular sizes.
The last type of heterogeneity is not very serious in that
it does not prevent correct interpretation of the results.
In many instances purification and fractionation of poly¬
saccharides are done in one operation. Thus for example if pre¬
cipitation or extraction of polysaccharides, which are essentially
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purification techniques, are carried out in stages it might be
possible to isolate two different polysaccharides. There are
several such techniques by which purification (and fractionation)
of polysaccharides may be effected on a preparative scale.
Graded extraction has often been used to isolate pure
polysaccharides from the raw materials. Gold or hot water,
alkali, alkali-borate mixtures are the common solvents used for
extraction. However, if the conditions of extraction are too
drastic, modification of structure and or molecular weight might
occur. Dimethyl sulphoxide is considered to be a good solvent
for preferential extraction of polysaccharides (10), especially
for those containing 0-acetyl groups.
Another method commonly used for isolating pure polysaccha¬
rides is fractional precipitation. By gradual addition of
organic solvents such as ethanol to aqueous solution of the gum
and immediate removal of any precipitate formed, components of
different solubilities can be separated. The separation is rough
and several reprecipitations may be necessary to obtain the
fractions pure. The two components of Olibanum gum (11) and the
Khaya senegalensis gum (12) have been fractionated by this method
This type of fractionation can also be used to fractionate mixtures
of acetylated, methylated, or nitrated polysaccharides. For
example, gum tragacanth (13) has been fractionated into an acidic
polysaccharide, an arabogaiactan and a glycoside, after complete
methylation. Purification of polysaccharides can also be
achieved by adding salts to aqueous solution of the mixture. For
example, corn hull hemicellulose (14) has been precipitated by
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addition of ammonium sulphate to an aqueous extract. Most poly¬
saccharides form insoluble complexes with certain inorganic
compounds and are thus precipitated out of solution. fehling
solution (15), cupric acetate (16), cupric sulphate (17), cetyl
trimethyl ammonium bromide (Cetavlon) (18), and Getavlon-boric
acid mixtures (19) have all been used to effect fractionation.
Some polysaccharides are also capable of complexing with other
polysaccharides and with certain proteins. This fact has been
used to purify polysaccharides in a few instances. Wider
application of this method is expected in the future (2).
Enzymes can also be used to purify polysaccharides, by
enzymolysis of the unwanted component by specific enzymes. For
example, the glucomannan in lies mannan can be purified by decom¬
position of amy lose-like impurities with amylase (2).
Adsorption or displacement chromatography has had only
little success in separating mixtures of polysaccharides. Some
instances in which it has been used are, the separation of muco¬
polysaccharides on cellulose columns by gradient elution with
increasing concentrations of eth&nol containing 0'3^ barium acetate
solution (23), the fractionation of sugar beet araban on a charcoal
column (24), and of polysaccharides from Mycobacterium tuberculosis
on silica gel column (25).
A more efficient chromatographic procedure for polysaccharide
has been recently developed by Neukom et al. (26). Their method,
which makes use of anion-exchange cellulose, was developed for
analytical purposes, but can be extended to small scale prepara¬
tive separations. The., found, in analogy to the precipitation of
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acidic and neutral polysaccharides with quaternary ammonium salts,
that acidic polysaccharides were absorbed readily on anion-
exchange cellulose at neutral pH values, whereas neutral poly¬
saccharides were not or only weakly absorbed. Thus by using
DiJSthylAminoEthy 1 (DEAS-) cellulose in different forms (borate,
phosphate, hydroxyl etc.) together with a suitable elution medium
at differing pH values and electrolytic concentration they were
able to fractionate wheat starch dextrin, a mixture of sugar beet
araban and pectic acid, the cold water soluble wheat flour poly¬
saccharides, and other similar mixtures (26). They have also shown
that in the case of pectic substances the extent of absorption on
to the cellulose derivative depends on the degree of esterification,
the degree of polymerisation and the content of side groups (27).
This method has also been used to assess the homogeneity of gum
polysaccharides. In the case of Khaya senegalensis gum a complete
separation of the two component polysaccharides has been achieved
by this method (28)j fractional precipitation gives only a rough
separation of these components (12).
The ultrafiltration technique using membranes of graded pores
size would probably be useful in separating mixtures of poly¬
saccharides of different molecular size. Using this method Jones
and co-workers (20) have separated dextran into fractions of
different molecular weights.
There is no unambiguous method to essess the homogeneity of
polysaccharide obtained by the above methods of fractionation.
However, there are several tests of differing criteria available,
to which the fractions could be subjected. Chemical analysis
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(qualitative and quantitative) of component sugars and determina¬
tion of physical constants of the polysaccharide (for example
optical rotation, uronic anhydride content) are often useful to
detect differences between fractions. The method of anion-
exchange cellulose chromatography as described earlier can also
be used as a diagonistic test for homogeneity.
Electrophoresis (ionophoresis) using filter paper and borate
buffer, has been used in a few instances to test the homogeneity
of polysaccharides (30, 31, 32). This method, however, is
restricted because of the absorption of polysaccharides on to the
paper and because it requires specific spray reagents for
detecting the polysaccharides that arp not interferred with by
the cellulose paper. To overcome these difficulties an inert
support such as glass fibre paper has been used (32, 33). Using
this technique with 2N-sodium hydroxide as electrolyte and alkaline
permanganate as spray gum ghatti, gum tragacanth, the gums of
Acacia pycnantha, Acacia Senegal, and Acacia arabicum has been
claimed to be heterogeneous, since they all showed more than one
spot (34). Electrophoresis in Tiselius apparatus (29) nnd on
thick glass fibre paper or column of powdered glass (35) could be
used to effect separations of polysaccharides on a preparative
scale.
Another important analytical test for homogeneity depends
on the fact that antipneumococcus horse sera will give precipitate
with polysaccharides which are structurally related to the anti¬
pneumococcus polysaccharides. Thus gum arabic gives a precipi¬
tate with Type II antipneumococcus serum from which a
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polysaccharide having less rhamnose than the original gum can
be recovered (21).
The molecular weight distribution of a mixture of poly¬
saccharides can be investigated by sedimentation analysis in
an ultracentrifuge (7). This method also gives an estimate of
the molecular weights of the components. Molecular weight
distribution could also be studied by turbidimetric measurements
using light-scattering photometers.
A few investigations of the inter-nodule variations in gums
have been reported in the literature. Torto (36) examined
nodules from different trees of Fagara xanthoxylides and found
no significant variations in optical rotations and equivalent
weights. Three different nodules from Brachychiton diversifolium
examined for ash, nitrogen, methoxyl, and acetyl contents did not
show any significant difference (37). Some samples of Acacia
py cnantha gum ha "re been shown to be heterogeneous by glass fibre
ionophoresis (34, 38). An examination of several gum nodules
from Sombreturn leonense has shown significant variations^among
other things in uronic anhydride content, much greater than can
be explained by analytical error (39).
In view of the possibility of heterogeneity in gums, caution
must be exercised when interpreting the experimental results.
Thus most if not all interpretations of results, specially those
regarding the fine structure of polysaccharides, represent only
the most probable one,and not the only one. It has not been
possible to assign a unique structural formula for any gum.
However, the main structural features of many gums have been
elucidated and compared with other gums of the same or related
botanical origin. It has been suggested that gums from related
botanical species, as in the case of the hemicellulose group of
polysaccharides, may have similar basal units of molecular
structure and differ considerably in fine structure (38). Such
similarities in backbone have been shown to exist in gums from
botanioally related species, such as between gum arabic and
Acacia pycnantha gum (38) and between gum ghatti and Anogeissus
sohimperi gum (40). These pairs of gums also show remarkable
similarities in other important structural features,such as the
aldobiouronic acid units and the acid labile units.
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STRUCTURAL INVESTIGATION OF POLYSACCHARIDES.
An idea of the general nature of the polysaccharide under
investigation can be obtained by determination of physical
constants. This involves the measurement of optical rotation,
neutralisation equivalent, viscosity coefficient, uronic acid
anhydride, acetyl, methoxyl, nitrogen,and ash contents.
For the structural investigation of a purified poly¬
saccharide, a number of different techniques are required.
Firstly, the nature and proportions of the sugar components are
determined by examination of the total acid hydrolysate of the
polysaccharide. Secondly, information on the mode of linkage
of each sugar unit and in many instances, on the ring structure
o§ sugars and the proportion of non-reducing terminal groups,
are obtained by methylation procedure. Finally, the order of the
sugar units and the linkages are determined by partial hydrolysis
studies. Supplementary and additional information can also be
obtained from periodate oxidation, alkaline degradation, enzymic
degradation,and immunological studies, In many instances
valuable information can be obtained from investigation of the
modified (reduced, oxidised or acid degraded) polysaccharide.
Composition of the polysaccharides.
Characterisation of the sugar components is done by total
hydrolysis of the polysaccharide with 1 or 2N sulphuric acid at
100°, separation of the products by column chromatography (22)
and preparation of crystalline derivatives.
The proportions of the neutral sugars are best estimated
by the method developed by Flood, Hirst and Jones (41). The
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product of total hydrolysis of the polysaccharide is chromato-
gr^phed on paper and the sugar components are located by spraying
side strips. The sugars are then eluted from the paper and
estimated independently by some micro volumetric methods (42,43)
or colorimetric methods (44-46). Any error in this method of
determining proportion is due to incomplete breakdown of the
neutral sugars linked to uronic acid and to decomposition of
sugars during hydrolysis. From the results of this determination
and the uronic anhydride determination it is possible to calculate
the total composition of the polysaccharide.
MSTHfLATIQN PROCEDURE.
The problem of determining the mode of linkages present in
the polysaccharide is best solved by the classical method of
methylation. Complete methylation blocks all the hydroxy1 groups
which are not involved in any glycosidic linkages by converting
them into non-reactive methyl ethers. Hence on hydrolysis of
the resulting methylated polysaccharide the methyl sugars obtained
will carry free hydroxyl groups only on those carbon atoms which
were involved in glycosidic linkages or ring formation. Identi¬
fication of these partly methylated sugars will then provide
evidence as to the nature of the sugar residues, and to their
modes of linkage in the polysaccharide if the ring size of the
sugar residues is known. The methylation results will also
indicate the non-reducing terminal residues, the points at which
branching occurs and the number of residues per average building
unit. Thus in the case of a homopolysaccharide it is possible
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to construct the building unit with a fair significance, from
meth^lation results alone. In the case of heteropolysaccharides,
however, it is necessary to know the order in which the different
sugar residues occur before such a unit can be constructed.
The standard method of methylation is still the original
procedure initially developed by Haworth (47), U3ing methyl
sulphate and aqueous sodium hydroxide. The above method even
though efficient does not usually give complete methyl&tion,
especially with acidic polysaccharides. The methylation can
then be completed by Purdie's method (52), using methyl iodide
and silver oxide. Modifications of the Purdie methylation by
Kuhn makes use of N,N-dimethj1 formamide (53) as a solvent and
barium oxide instead of silver oxide (54).
Other less commonly used methods available for methylation
make use of thallium hydroxide and methyl iodide (56), diazo-
methane (57) and methyl iodide with sodium in liquid ammonia (58).
The last method has been adopted to the micro scale (2-10 mg.)
by Isbell et al. (60).
The fully methylated polysaccharides are insol uole in hot
inorganic acids and therefore cannot be directly hydrolysed.
This difficulty may be overcome by preliminary methanolysis, or
forraolysis or treatment with cold acid (61, 62). The products
of hydrolysis can be separated by the various chromatographic
techniques available and the methylated sugars characterised by
me^ns of crystalline derivatives.
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PARTIAL HYDROLYSIS. (LINKAGiS ANALYSIS).
By methylation studies it is not possible to determine
the order in which the sugar units are linked together in the
polysaccharide. Especially in a heteropolysaccharide contain¬
ing five or six different sugar residues the task of determining
the order is a difficult one. The method of partial hydrolysis
is by far the most useful for this purpose and probably the only
unambiguous method available. In addition to the order of
sugar residues, the order of glycosidic chain linkage and the
anomeric configuration of the linkages in the polysaccharide can
be determined by this method. Since the development of the
various chromatographic techniques (22) required lor the
separation of fragments liberated on partial hydrolysis, the
method has become even more important.
The glycosidic linkages in a polysaccharide display extreme
differences in stability, enabling one to carry out a stepwise
degradation of the polysaccharide. Thus, by this method it is
possible to get information on different portions of the mole¬
cule such as the periphery, the backbone and the acid resistant
core.
Sugars existing in the furanoside ring form are much more
acid-labile than those in the pyranose form. Thus these
furanose sugars are easily removed b„ heating a solution of the
polysaccharide with very dilute (oa.0«01K) acid or in the case of
acidic polysaccharides by just heating an aqueous solution. Qhis
latter process is known as autohy droly sis. The degraded poly¬




as mono- and di-sacchariaes, is less complicated than the
original polysaccharide. A comparison of the methyl&tion
results of the original and degraded polysaccharides will provide
information regarding points of attachment of the acid labile
groups (71 and 72).
The degraded gum after autohydrolysis is composed of mono¬
saccharides linked by pyranosiae and uronic acid glycosidic
linkages. The pyranoside linkages can be selectively hydrolysed
with stronger acids (ca. 0*1N) giving rise to monosaccharides and
oligosaccharides containing only neutral sugars. 3y vigorous
hydrolysis (ca. 1»0N) of the degraded gum obtained after the
above hydrolysis, fragments containing uronic acids can be
isolated. This is made possible by the stability of the glyco-
siduronic acid linkages. In addition to the aldobiouronic acids
in good yields, smaller amounts of aldotriouronic acids have also
been isolated. (40, 61).
\
v
The structural significance of oligosaccharides present in
minute quantities in the partial acid hydrolysates are doubtful,
because acid hydrolysis is a-reversible reaction. Thus when a
solution of one or more monosaccharides is heated with acids
oligosaccharides are formed (73). However, a possible way of
distinguishing acid reversion products is that they reach an
equilibrium concentration and thus do not disappear-' on prolonged
heating (74). During acid hydrolysis artefacts could also arise
from acid catalysed trans glucosylation of oligosaccharides (75).
The differing stability of glycosidic linkages in poly¬
saccharides, which allows great degrees of selectivity in
k_
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hydrolysis, has its disadvantage too. Thus it is very difficult
to determine the nature of the very acid-labile linkages. This
is because this linkage will be among the first to be cleaved on
acid hydrolysis and will not be present in any of the oligo¬
saccharides isolated. To obtain information about such linkages
it is therefore necessary to resort to other methods than direct
partial acid hydrolysis.
Partial acetolysis of polysaccharide with a mixture of acetic
anhydride, acetic acid and sulphuric acid, followed by deacetyla-
tion of products give oligosaccharides which cannot be obtained by
partial acid hydrolysis. Thus the rhamnose residue in gum arabic,
which is acid labile, has been shown to be attached to position 4
of the glucuronic acid by isolation of the oligosaccharide 4-O-L-
rhamnopyranosyl-jD-glucose from partial actolysis products of the
reduced gum arabic (76). Mercaptolysis and methanolysis have
been similarly used to study complex seaweed polysaccharides that
contain acid-labile anhydro sugars.
Other disadvantages of direct partial acid hydrolysis, are
the destruction of sugars which results in low yields of oligo¬
saccharides and the removal of functional groups such as sulphate
and N-acetyl. An elegant method has been developed by Painter
to overcome this difficulty, by carrying out hydrolysis in a
dialysis bag and continually removing the products. Thus by
carrying out auto-hydrolysis of 3ulphated polysaccharide (77) in
a dialysis bag he was able to isolate sulphateAmono and oligo¬
saccharides. This method has been extended to other polysaccha¬
rides by carrying out the hydrolysis in the dialysis bag with
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water soluble non-dialysable polystyrene-3ulphonic acid (78).
The partial hydrolysis of inulin with high yields (40-60$) of
di- to octa-saccharides (78) and of a mucopolysaccharide without
appreciable N-deaeetylation of hexosamine (79) has been
achieved by this method. Another advantage of this method is
that it eliminates the possibilities of acid reversion of the
monosaccharides produced.
A novel method of determining the mode of attachment of very
acid labile groups to the adjacent sugar residues has been
developed by Aspinall et al.(80). This is done by conversion
of acid-labile f'uranoside linkage in poly saccharide to the acid
resisting furanosiduronic acid linkage by oxidation with oxygen
in the presence of a platinum catalyst. It is now possible to
isolate and identify aldobiouronie acids from the acid hydrolysate
of the oxidised polysaccharide, indicating the nature of the
original glycosidic linkage.
Hydrolysis of polyuronides such as pectic acid, alginic
acid or gums of high uronic acid content without considerable
degradation is impossible. These polysaccharides are more easily
hydrolysed if they are converted to the corresponding neutral
polysaccharide by reduction. Sisal pectic acid has been con¬
verted to a galactan ( containing 5-6$ uronic anhydride) by first
treating with ethylene oxide followed by reduction of the ethy¬
lene glycol ester with potassium borohydride (81). deduction
of acidic polysaccharide can also be aciiieved with diborane if
a derivative of the polysaccharide (acetate, propionate) soluble
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in ether type of solvent canbe prepared. For example, mes-
quitic acid acetate has been almost completely reduced in this
manner (82).
In comparison to acid hydrolysis, enzymic hydrolysis
(enzymolysis) has the advantage of specificity. For example,
the action of p-amylase on 1:4'-linked unbranched glucan amylose
gives maltose as the only final product. However, acid hydrolysis
of amylose gives glucose and maltosaccharides arising through random
scission of bonds. In the case of homopolysaccharides such as
starch and glycogen enzymolysis h-s been used with success. But
in the case of heteropolysaccharides which contain a diversity of
building units and linkages the use of enzymes have been restricted.
However, if pure enzyme preparations are available it will oe
possible to obtain valuable information, such as to the presence
or absence of a linkage for which the enzyme is specific. Also,
since a pure enzyme will split only one particular bond out of a
variety, it will oe possible to obtain fragments of great
structural significance.
The mixture of neutral oligosaccharides from partial hydrolysis
can be separated from monosaccharides and from one another by
chromatography on charcoal-celite (88), cellulose (64) or resin
(89) columns. The acidic oligosaccharides are separated from
the neutral sugars bj* absorbing them on weakly basic anion
exchange resin columns and washing the column with water till free
of neutral sugar. The absorbed acidic oligosaccharides may then
be fractionated by eluting the column with increasing concentra¬
tions of formic acid (90). Further separation of the
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oligosaccharides may be effected by thick paper chromatography.
The component sugars of the oligosaccharides are identified
by hydrolysis, after reduction for acidic oligosaccharide,
followed by paper chromatography of the products. It is also
possible to detect the reducing end group of the oligosaccharide
by first reducing it to the glycitol followed by hydrolysis and
identification of the products.
An idea as to the identity of the oligosaccharide can be
obtained from its chromatographic speed in different solvent
systems, ionophoretic behaviour and optical rotation. The nature
of the linkages can be established by complete methylation of the
oligosaccharide, followed by hydrolysis (after reduction with
lithium aluminium hydride for acidic oligosaccharides) and
identification of the resulting methylated sugars. When only
very small quantities of oligosaccharide are available, it is
possible to get an idea of the linkage by cax*rying out the
methylation on a micro scale (2-3 mg.), methanolysing and
examining the resulting methyl glycosides by gas-liquid partition
chromatography.
Periodate (83) and lead tetra acetate (84) oxidations can
also be carried out on small amounts of oligosaccharides. The
consumption of oxidant and the formation of products (formalde¬
hyde, formic acid) depend on the type of substitution of the
reducing residue and thus the measurements of these values will
give information about the linkage. Periodate oxidation is
better done on a derivative of the oligosaccharide such as
osazone (86), acid or alcohol (87). By degrading the
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disaccharides to the glycer itol glycosides with lead tetra
acetate and comparing with authentic specimens, Perlin et al.(85)
have been able to assign the anomeric configuration of
disacharides. Many oligosaccharides find their derivatives
(osazone, acetate, methyl ether) are crystalline and thus can
be identified by comparing with authentic synthetic specimens.
Periodate Oxidation.
Valuable structural information can be obtained from a study
of the action of periodate ion on the polysaccharide. Because
of the aqueous solvent required and the mild nature of the
reaction which does not affect the sensitive carbohydrate struc¬
ture, periodate oxidation is widely used in carbohydrate work (83).
Periodic acid and its salts are capable of cleaving the
carbon-carbon bonds in 1,2-diol and 1,2,3-triol groups. The















Thus in general, the arrangement of diol or triol groups may be
deduced from measurements of the consumption of oxidant and
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determination of the nature and amount of oxidation products
(formaldehyde, formic acid, carbon dioxide). In many instances
these deductions will give information on the nature and
proportion of the repeating and interchain linkages. From
periodate oxidation studies it is also possible to get informa¬
tion on molecular weights, degree of polymerisation and chain
length of the molecule. The periodate oxidation is influenced
by temperature, pH, concentration of reactants and light (83).
If the oxidation is carried out in excess oxidant or at higher
( 5°) temperature in alkaline solution (pH 8) and presence of
light, then bver-oxidation' will occur, that is oxidation pro¬
ceeds beyond the ideal reaction, with over-consumption of
periodate and further oxidation of the normal products such as
formic acid and formaldehyde. In certain cases useful informa¬
tion can be obtained by causing deliberate over-oxidation (91).
But in normal cases it is essential to avoid under- or over-
oxidation and hence the reaction conditions must be controlled
carefully.
In the case of gums and other similar highly branched hetero-
polysaccharides, many different interpretations of the analytical
data are possible. Also, polysaccharides which have uronic acid
residues are liable to behave abnormally, since over-oxidation
is a common feature with uronic acid residues (92). Thus in
these cases the results should preferably be interpreted in the
light of information obtained by other methods.
Alternative periodate methods involve examination of the
residual oxidised polysaccharide. Thus for heteropolysaccharides
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such as gum, the proportion of unoxidisable residues of each
type of monosaccharide may be determined by hydrolysis of the
oxidised polysaccharide (polyaldehyde). It should be also
possible to obtain a simpler polysaccharide, for further struc¬
tural investigation, by removing the oxidised sugar residues from
the polyaldehyde by mild hydrolysis. However, on such direct
hydrolysis the polyaldehyde decomposes to a great extent and
also gives rise to interfering products.
Barry (93) has shown that treatment of the periodate oxidised
polysaccharide with phenylhydrazine removes the fragments of the
cleaved residues as phen^losazones. Thus, in the case of com¬
plex polysaccharides it is possible to cause stepwise degradation
by a series of oxidation with periodate and treatment with phenyl-
hydrazine. For example, after three such treatments gum arabic
gave a material which was resistant to further oxidation
indicating the 1,3'-linked galactan backbone of the gum.
A similar method developed recently by Smith (94) is
generally preferred in being experimentally cleaner. It involves
the reduction of the polyaldehyde to a polyalcohol by borohydride
followed by treatment with dilute mineral acid at room tempera¬
ture. Under such conditions only the acetal linkages of the
oxidised residues are cleaved leaving the normal glycosidic
linkages intact. An illustration of such a degradation of a

























In addition to the general methods of structural investi¬
gation discussed above, a number of other procedures are
available. At least one or two of these special methods need
mentioning.
Polysaccharides on treatment with alkali undergo degradation.
In general the degradation begins at the reducing end and
proceeds in the stepwise manner. The saccharinic acids produced
on 3uch degradation are characteristic of the linkages in the
polysaccharide and thus afford valuable structural information
(95).
The ability of polysaccharides to give co-precipitation
reactions with antipneumococeus sera has been correlated to
the presence of particular groupings in the polysaccharide (96).
Thus, it is possible by use of antisera precipitation reactions
to predict or confirm the presence of structural features in
polysaccharides.
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Object of the Present Investigation.
Preliminary investigations (98) of the Combretum leonense
gum snowed it was composed of D-galactose, L-rhamnose, L-arabi-
nose, D-galacturonic acid and D-glucuronic acid. In this work,
it was intended to carry out a detailed structural investigation
of this gum and compare its structural features with those of
gum ghatti and gum of Anogeissus schimperi,both of which belong
to the same family (Combre taceae) as the above gumT but to a
different genus^Anogeissusj .
Such comparisons of structures will enable one to under¬
stand the structural relationships of the vastly complicated gums
belonging to related and unrelated botanical species.
This work was also intended to study the nature of hetero-
genity of the gum, in view of the inter-nodular differences noted




The sample of Combretarn leonense gum used in the present
investigation was collected in Nigeria (1952) and kindly provided
by Dr. R. J. Mcllroy. The consignment consisted of large clear
glassy nodules, varying in colour from reddish brown to light
yellow and developed a distinct odour of acetic acid when stored
in a closed bottle.
Preliminary investigations showed that the purified gum
had uronic acid anhydride, 14*9-20*1^; specific rotation, -6 -
15°; nitrogen, 0*03-0*05^; acetyl, 1*7-4*4'^; and methoxyl,
nil. The equivalent weight calculated from the free titratable
acidity was found to vary from 870 to 1168 (39). The neutral
sugars present in the gum were identified by preparing
crystalline derivatives as D-galactose, L-arabinose, and L-
rhamnose, which were present in an approximate ratio of 5:4:1
(98 and 109). The main uronic acid present in the gum was
identified as D-galacturonic acid and the presence of D-gluc-
uronic acid was indicated by chromatographic evidence (109).
The crushed gum nodules dissolved in water with comparative
ease and solutions up to 10$ (w/v) could be made at room
temperatures. The purified gum polysaccharide was obtained
as a creamy white amorphous powder by precipitation with acid¬
ified ethanol.
Preliminary studies (98) showed that the gum contains three
types of gl,,cosidic linkages with distinctly different rates of
hydrolysis. This is a common feature in many other gums, and
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advantage had been taken of this fact to obtain selective
hydrolysis of the linkages. In the present investigation the
gum was subjected to a stepwise degradation, as shown in the
flow sheet below, to yield fragments from various parts of the
gum molecule.
Scheme showing graded hydrolysis.
^ D-Galactose (5), L-arabinose (4), L-rhamnose (1),
D-galacturonic acid and D-glucuronic acid.
Qombretum Autohy drol./sis
leonense~Gum
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D—G £ Al-^-> 6D-Gal.
D-Gal £ Al-—>2L-Rha £ 1—»4D-Gal.
D-Gal p 1—> ( ?)D-Gal £ Al >2L-Rha,
C m at
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* These disaccharides were not fully identified,but arabinobioses
and an arabinosyl-galactose were probably present.
0 Work carried out by King (109), numbers within brackets
denotes approximate molecular proportions of the sugars.
Hjdroljsis results.
An aqueous solution (4/0 of the purified gum acid was
heated on a boiling water bath and the autohydrolysis was
followed by measuring the change in optical rotation. The
changes in optical rotation were large at the beginning and
after 48 hr. the changes were very small, indicating that most
of the acid-labile groups had been released by the end of this
time. It was found that in addition to large amounts of
arabinose residues, some galactose and rhamnose residues were
also released after only 4 hr. heating. The amount of rhamnose
residues released did not seem to change, whereas the amounts of
arabinose and galactose residues released increased with in¬
creasing heating time. A pentose disaccharide (subsequently
identified as 3-0-3-L-arabinopyranos.y1-L-arabinose) was also
detected after 12 hr. autohydrolysis and the amount of this
%
disaccharide released reached a maximum at 48 hr. and then
decreased.
The proportion of arabinose residues relative to galactose
residues in the degraded polysaccharide decreased with increas¬
ing time of hydrolysis ^nd the polysaccharide remaining after
96 hr. autoh^drolysis had a very small proportion of arabinose
residues in it. The proportion of x'hamnose residues in the
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degraded polysaccharide, again appeared to remain constant.
It is probable, therefore, that a part of the rhamnose residues
present in the gum are acid labile and are thus easily removed
on autohydrolysis and the r-est of the rhamnose residues are in
the acid resistant core and are not removed even on prolonged
autohydrolysis. Even though some of the galactose residues
were easily ^moved on autohydrolysis, subsequent methylation
studies showed that all the galactose residues in the gum were
present in the pyranose ring form. In this connection it may be
noted that Bouveng (110) failed to find any significant differ¬
ence in the rates at which the galactopyranosidic residues and
arabinofuranosidic residues were released from the arabino-
galactan of Western larch on mild hydrolysis.
A large scale autohydrolysis was carried out by heating a
10JS solution of the gum acid for 36 hr. (constant rotation) and
the degraded gum I was precipitated with ethanol. The mixture
of mono- and oligosaccharides was fractionated by chromatography
on charcoal-Oelite. Most of the fractions obtained were
mixtures and even after several fractionations by partition
not
carcartography on cellulose, these fractions were/obtained in a
chromato graphically pure form.
Only one disaccharide was obtained chromatographically
pure and in sufficient amount for detailed structural investi¬
gation. Its structure was proved to be 3-0-p-L-arabino-
pyranosy1-L-arabinose, even though it had a specific rotation
(+164°) lower than the values quoted in the literature (ca.
+200°) for the disaccharide. This low specific rotation was
probably due to contamination of the disaccharide with non-
carbohydrate material.
The disaccharide gave a phenylosazone which was identical
(mixed m.p. and X-ray powder photograph) with that prepared from
an authentic sample of 3-D-P-L-arabinopyranosy1-L-arabinose.ss «■
The phenylosaaone on periodate oxidation yielded formaldehyde
but no mesoxaldialdehyde 1,2-bisphenylhydrazone. This result
is in agreement with those for a 1,3'-linked pentose disaccha¬
ride, since both the 1,4'- and l.S'-linked pentose disaccharides
will not yield formaldehyde on periodate oxidation (86). The
structure was confirmed by methylation of' the disaccharide,
followed by methanolyais of the fully methylated disaccharide
when the methyl glycosides of the following methylated sugars:-
2,3t4-tri-O-methylarabinose; 2,4-di-0-methylarabinose and 2,5-
di-0-methylarabinose (trace); were detected by vapour phase
chromatography. The mixture of methyl glycosides was hydrolysed
ci,nd the 2,4-di-0-methy1-L-arabinose separated by chromatography on
filter sheets was characterised as its aniline derivative.
Small amounts of various other disaccharides liberated on
autohydrolysis were not fully characterised as they were not
obtained in a sufficiently pure form. One of the fractions
contained a disaccharide which was chromatographically identical
to 3-0-arabinofuranosy1 arabinose isolated from Anoge1sans
schlm^eri gum (40).
Another fraction contained a sugar, which was chromatogra-
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phically pure and indistinguishable from 3-0-P-D-galactopyrano-
sy1-L-arabinose and gave only galactose and arabinose on
hydrolysis. But on reduction with potassium borohydride followed
by hydrolysis, the fraction gave mainly galactitol and arabinose
in addition to traces of arabitol and galactose. This indicates
the presence of a (?)-0-arabinosy1 galactose in addition to some
3-0-galactopyranosy1 arabinose in this fraction.
Partial hydrolysis of the gum with 0*5N sulphuric acid
gave the degraded gum II and a mixture of mono- and oligo¬
saccharides. The oligosaccharides were obtained pure by frac¬
tionation on a charcoal column, followed by partition chromato¬
graphy on cellulose.
The main products were members of an homologus series (I)
of galactose-containing oligosaccharides.
0-f2-D-galac topyrano sy1-[(1—> 6)-0-0-D-galactopyranosy1Jn-(1—>6)-D-
galactose (I).
The first member was a disaccharide, which on complete
methylation followed by hydrolysis gave equimolecular proportions
of 2,3,4,6-tetra- and 2,3»4-tri-0-methy1-D-galactose proving the
structure of the disaccharide to be 6-0-{3-D-galactopyranosy1-D-
galaotose (I, n = 0). The presence of a p-linkage was indicated
by the low positive rotation ([a]jj+30°) of the disaccharide, which
was similar to that recorded for 1,6-linked galactobiose isolated
from partial acid hydrolysate of gum ghatti (102). The di¬
saccharide gave a phenylosazone which was identical (mixed m.p.
and X-ray powder photograph) with that prepared from the
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corresponding disaccharide from gum ghatti.
The second member of the series was a trisaccharide which
on partial hydrolysis gave galactose and 6-0-(3-galactosylgalactose.
Hydrolysis of the fully methylated trisaccharide gave 2,3,4,6-
tetra- and 2,3,4-tri-0-methyl-I)-galactose in the proportion 1:2
(approx.), thus proving the structure of the trisaccharide to be
0-0-D-galac topyrano sy l-( 1—» 6 )-0-p-D-galactopyranosyl-( 1—>6 )-D-
galactose. (I, n = 1).
The third member of the series (I, n = 2) was chromato-
graphically indistinguishable from the 1,6*-linked galacto-
tetraose isolated from gum ghatti (102). Partial hydrolysis
gave only one disaccharide, the b-0-P-galacto3ylgalactose.
The fourth member of the series (I, n = 3) was chromato-
graphically indistinguishable from the 1,6'-linked galacto-
pentaose isolated from Anogeissus schim^eri gum (40). Again
6-0-3-galactosyl galactose was the only disaccharide obtained
on partial hydrolysis.
In addition to the above series of galactose-containing
oligosaccharides, small amounts of two other disaccharides were
isolated from the partial acid hydrolysate of the gum. One of
these disaccharides was chromatographically identical to 3-0-
P-D-galactopyranosy1-L-arabinose isolated from gum ghatti (102).
The disaccharide was obtained crystalline which was identical
(mixed m.p. and X-ray powder diagram) with an authentic
crystalline sample of 3-0-p-D-galactopyranosy1-L-arabinose.
However the disaccharide had a m.p. (175°) and specific rotation
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(+22*4°), which are lower than those quoted in the literature
(102), These low values are probably due to contamination of
the disaccharide with non-carbohydrate material.
The second minor disaccharide is tentatively identified as
4-0-0-D-galactopyranosyl-D-galaotose from the following evidence.
The disaccharide was chromatographically and ionophoretically
identical to 4-0-(3-D-galactopyranosyl-.D-galactose and distin¬
guishable from 3-0-p-D-galactopyranosyl-D-galactose and 4-0-
a-D-galactopyranosy1-D-galactose. Lead tetra-acetate oxidation
of the disaccharide followed by hydrolysis gave a tetrose in
addition to other products, which can arise only from a 1,4'-
linked galactobiose. A 1,3'-linked galactobiose would have
yielded lyxose on the same treatment. Methylation of a small
sample of the disaccharide followed by methanolysis and examina¬
tion of the products by vapour phase chromatography showed that
methyl-2,3»6-tri- and methy1-2,3,4,6-tetra-0-methy1 galactosides
were the major components.
Hydrolysis of the degraded gum II with N-sulphuric acid
3S
gave a mixture of acidic oligosaccharides. The acids were
separated from neutral sugars by adsorbing the acids on basic
resins and eluting with dilute formic acid. Further fractiona¬
tions of the acids were effected by chromatography on filter
sheets.
The main component was the aldobiouronic acid, 2-0-(a-D-
galactopyranosyluronic acid)-L-rhamnose whose structure was
proved as follows. Reduction of the derived methyl ester
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methyl glycosides with potassium borohydride followed by
hydrolysis gave galactose and rhamnose. Methylation afforded
the crystalline methyl glycoside penta methyl ether of the acid,
which was identical (mixed m.p., specific rotation and X-ray
powder diagram) with a sample prepared from the same aldobio-
uronic acid isolated from the pectic acid of Medicago sativa
(105). Reduction of this methylated acid with diborane,
followed by hydrolysis gave equimolar proportions of 2,3,4-tri-
0-methyl-D-galactose and 3,4-di-O-methyl-L-rhamnose.
The second acid fraction gave galactose, glucose and a
trace of rhamnose on potassium borohydride reduction of the
derived methyl ester methyl glycosides followed by hydrolysis.
The trace of rhamnose was probably due to contamination by the
aldotriouronic acids, since on complete methylation the frac¬
tion afforded a crystalline derivative identical (mixed m.p.,
specific rotation and X-ray powder diagram) to an authentic
sample of methyl ester methyl glycoside of 6-£4P-D-gluc o-
pyranosyl uronic acid)-D-galactose hexa methyl ether (kindly
provided by Prof. F. Smith).
The "third acidic component isolated was chromatographically
and ionophoretically homogenous and appeared to be an aldotrio¬
uronic acid. Hydrolysis with N-acid gave galactose, rhamnose,
and 2-0-galacturonosy1 rhamnose. Reduction of the derived
methyl ester methyl glycosides with potassium borohydride
followed by hydrolysis gave galactose and rhamnose. But re¬
duction of the potassium salt of the acid to the glycitol
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followed by hydrolysis gave galactitol, rhamnitol, galactose,
rhamnose aad 2-0-galaotouronosy 1 rhamnose suggesting that there
was more than one acid component in this fraction. On the
basis ot tae above evidence, some probable structures for the
aldotriouronic acids in the mixture are IV, V and VI.
Gal Al—> 2 Rha 1 >Gal (IV)
Gal 1 > Gal Al » 2 Rha (V)
Gal Al—>2 Rha (VI)
r
Gal
In a trial experiment it was found that 2-0-galacturonosy1-
rnamnose was unattacked by alkali. This is in agreement with
the known faot that reducing sugars with position 2 blocked
are not degraded by cold alkali. Hence, the aldotriouronio
acids V or VI will not be attacked alkali, whereas the aldo¬
triouronic acid IV would be degraded to ?-C)-galacturono3,, 1-
x'hamnose and a sacoharinic acid, provided the rhamnose is
attached to positions 3 or 4 oi the galactose residue.
The mixture of aldotriouronic acids on treatment with
alicali was partly converted to 2-0-galactaronosylrhamnose while
the other part was unattacked. This indicates that the mix¬
ture contains an aldotriouronio acid having the structure
Gal a1—>2 Rha 1—>(3 or 4) Gal in addition to at least one
more acid having structure V or VI.
Methylation of the mixture of acids followed by reduction









The methylated sugars were identified by paper chromato¬
graphy ana by vapour phase chromatography of their methyl
glycosides. Since no mono-O-meth^lrhamnose was detected, the
branched structure VI can be eliminated from the possibilities.
Aldotriouronic acids having structures IVa, Va and Vb would
give rise to the methylated sugars shown in table 6 after
methylation, reduction and hydrolysis.







Gal Al—»2Rha 1—»4 Gal (IVa)
Gal 1—>3 Gal Al—*2 Bha(Va)













Thus if the aldotriouronic acids IVa and Va were present in
the unknown mixture of acids, all the methylated sugars obtained
after methylation, reduction and hydrolysis can be accounted for
except the small amount of 2,3-di-0-methyl galactose. This
dimethyl ether probably arises from a third aldotriouronic acid
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(Vb) in the mixture, unless it was present as a result of
undermethylation.
Gal Al—>2 Rha 1 >4 Gal IVa
Gal 1 >3 Gal Al >2 Rha Va
Gal 1 » 4 Gal Al—>2 Rha Vb
Thus, on the basis of the evidence available so far we can
conclude that the mixture consists of the two aldotriouronic
acids IVa and Va and probably a smaller amount of a third com¬
ponent Vb.
Methylation results.
A sample of the substantially arabinose free degraded gum I,
which was prepared by autohydrolysis of the gum acid, was methy¬
lated with methyl sulphate and sodium hydroxide. The partially
methylated polysaccharide was eaterified by treatment with
diazomethane and the methylation was completed by several treat¬
ments with methyl iodide and silver oxide. The fully methylated
polysaccharide (GMe, 43/0 was hydrolysed with sulphuric acid and
the hydrolysate neutralised by treatment with barium hydroxide
and barium carbonate. In order to separate the neutral and
acidio methylated sugars, the syrup containing the acidic sugars
as barium salts and obtained by concentration of the hydrolysate,
was placed on a cellulose column and eluted with butan-l-ol
half saturated with water to give fractions A and B, followed
by water to give fractionsC and D.
Fraction A consisting almost entirely of neutral sugars
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3-mono-0-methy 1-L-rhamnose 0-020 g.
The rhamnose derivatives were characterised by their
crystallinity and the tetra and tri methyl galactoseswere
characterised by formation of crystalline aniline derivatives.
The aniline derivative of the dimethylgalactose failed to
crystallise and hence its identity is based only on its optical
rotation, the chromatographic behaviour of the sugar and its
periodate oxidation products, and paper ionophoresis of the
sugar. In addition to the above major components, traces of
the following were detected chromatographically:- 2,3»4-tri-0-
3,4-di¬
me thy 1arabinose ; 2,3»6-tri, 2,4-di-,/and 2-mono-C)-methylgalac¬
tose; 2,3»4-tri-0-methylglucuronic acid and also unmethylated
rhamnose and galactose.
Fraction B was found to be a mixture of acidic sugars,
2,3,4,6-tetra- and 2,3,4-tri-0-methy 1galactose, chromatographi¬
cally .
Fractions G and D consisted entirely of acidic sugars. In
the latter the acidic sugars were present as barium salts.
Paper chromatographic examination of fraction D after removal
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of barium ions showed that it consisted of four components.
A sample of the main component (referred to as subtraction
D) was obtained pure bp chromatography of the barium ion free
fraction D on thick filter sheets. Fractions C, D(sub.) and
D(main) were separately converted to the methyl ester methyl
glycosides, reduced with lithium aluminium hydride and
hydrolysed. Paper chromatographic examination of the pro¬
ducts and vapour phase chromatography of the derived methyl
glycoside samples showed that all three fractions contained








Subtraction D, however, had in addition appreciable
amounts of an unidentified component (T 1*45 in system c).
The rest of the products, obtained after reduction and
hydrolysis of the fractions G, D(main) and D(sub), were com¬















The rhamnose derivatives were characterised by their
crystallinity and the trimethyl galactose by formation of its
crystalline aniline derivative. The 2,3-di-0-methyl galactose
and 2,3,4-tri-0-methyl glucose were identified on the basis of
optical rotation,and by paper chromatography of the sugars and
of the products obtained on periodate oxidation.
In addition to the above methylated sugars traces of 2-0-
methyl galactose and rhamnose were also detected chromato-
graphically.
The undegraded gum was methylated with methyl sulphate and
sodium hydroxide, followed by treatment with methyl iodide and
silver oxide. The methylated polysaccharide was fractionally
precipitated with light petroleum-chloroform and the fraction
having OMe, 40-8$ was hydrolysed with sulphuric acid. A good
separation of the neutral and acidic (as barium salts) methy¬
lated sugars was achieved by preliminary fractionation on a
cellulose colu^in.
The mixture of neutral sugars was fractionated by partition
chromatography on cellulose and the following sugars were
characterised by formation of crystalline derivatives and/or














In addition to the above major components, small amounts
of 2,3,4-tri-Q-methyl arabinose (optical rotation, paper
chromatography) and 3-0-methyl galactose (paper chromatography
of the sugar and its periodate oxidation products) were also
detected. Traces of the following sugars were detected paper
chromatographically and/or paper ionophoretically: 2,3,4,6-
tetra-O-methy1 galactose; 3,5-hi-0-methy1 arabinose; 3,4-
di-O-methyl rhamnose; 2,3,4-tri-0-methy1 galacturonic acid;
arabinose and galactose.
The acidic fraction, which was uncontaminated with neutral
methylated sugars, was converted into the corresponding mixture
of methyl ester methyl glycosides, reduced with lithium alumi¬










3-mono-Q-me thy 1-L-rham.no se
L-rhamnose
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This mixture of sugars was fractionated on cellulose and the
following sugars were characterised by crystallisation of the





3-mono-0-me thy 1-L-r'namnose 0-110 g.
L-rhamnose 0-028 g.
2,3-di-0-methy1-P-glucose 0-050 g.
In addition, a fraction containing small amounts of 2-0-
methyl galactose and an unidentified sugar (probably a mono-
methyl glucose) was also present.
The methylation results on both the undegraded and
degraded gums are tabulated below. The proportions of the
methylated sugars given are only ver., approximate, since many
fractions were mixtures and several refractionations had to
be performed to separate the components. The error is even
more in the case of sugars from acidic fractions of the
methylated gum, since hydrolysis of acidic polysaccharides
are usually accompanied by some decomposition.
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Hydrolysis products of methylated Oombretum leonense gum and







Neutral Acidic Neutral 'Acidic
2,3 »4,o-Tetra-Q-methy1-D-galactose trace - 6 -
2,3,4-tri-O-methyl-D-galactose 28 1 13 1-5
2,3,6-tri-Q-me thy1-D-galactose 7 - trace -
2,4-di-0-methy1-D-galactose 28 1 trace -
2,3-di-O-methyl-D-galactose 5 11" 2.5
*
4
2,6-di-O-methyl-D-galactose 4 - - -
3,4-di-Q-methy1-D-galactose - trace -
2-mono-0-methy1-D-galactose 27-5 1 trace trace
3-mono-0-me thy1-D-galacto se 2 - - -
D-galactose trace - trace -
2,3,5-tri-0-methj( 1-L-a.rabinose 27 - - -
2,3,4-tri-0-methy 1-L-arq.binose 1 - trace -
2,3-di-O-methyl-L-arabinose 5.5 - ""
2,5-di-_0-methyl-L-arabinose 4 -
V > • '




trace - 1 1
3-mono-Q-me thy 1-L-rhamno s e
— SS
2 6 1 3
Ir-rhamnose
ss
2-5 1-5 trace trace
2,3,4-tri-0-methy1-D-glueuronic ac .d - - trace 0-5
2,3-di-O-methyl-D-glucuronic aci 2 -
2,3,4-tri-Q-methyl-D-galacturonic
— acid
trace - — —
* Arises mostly from 2,3-di-Q-methy l-D-galacturonic acid.
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The yield of arabinose ethers is lower th^n that expected
from the results of total hydrolysis, which gave an approximate
molecular proportion of 5:4 for galactose: arabinose. This
low yield is most probably due to the loss by evaporation of
-- the highly volatile 2,3»5-tri-£-methyl-L-arabinose.
Structural features of the gum.
The structural features of the Combretum leonense gum,
on the basis of the partial hydrolysis and methylation results,
in turn
can be conveniently discussed by considering/the galactan
framework, the acidic fragments and the acid-labile units.
The galactan framework.
The isolation of the homologous series of 1,6'-linked
galactose oligosaccharides (I), indicates a main chain of 1,6'-
linked 0-D-galactopyranose residues in the gum. The methyl
galactose from the methylated degraded gum consisted pre¬
dominantly of 2,3,4-tri-O-methyl-D-galactose, thus confirming
the evidence from partial hydrolysis.
Even though only small amounts of the disaccharide 4-0-
p-D-galuctopyranosyl-D-galactose were isolated it must be a
53 33!
true hydrolysis product and not an acid reversion product.
This is so because the major acid reversion product of galactose
is 6-0-c-D-galactopyranosy1-D-galactose (73) and it was not
amm SS SB
present in the partial acid hydrolysate of the gum. It is
difficult to predict, on the ^resent evidence, how this 1,4-
galactobiose is incorporated in the molecular structure.
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it most probably arises from side chains attached to
position 4 of the galactose residues on the main chain. The
presence of branching points at 04 of galactose is also
indicated bj the isolation of 2,3-di-0-methyl-D-galactose from
both methylated undegraded and degraded gums and of 2,3,6-tri-
0-methy1-D-galactose from the methylated gum. The largemmm 55
amounts of 2-0-methy1-D-galactose isolated from the methylated
gum must represent doable branching points through positions
3 and 4 as shown in II. Hence the main chain of galactose
residues in the gum is as follows:
P P P 3






The portion of the gum molecule most resistant to hydrolysis
consists of two aldobiouronic acid residues, namely 6-0-(P-D-mmm SBBS
glue opyranosyluronic acid)-D-galactose (VII) which is the
2SS
most common aldobiouronic acid residue encountered among gums
and 2-0-(a-D-galactopyranosyluronic acid)-L-rhamnose (VIII)
which is commonly encountered as a fragment from gums (61 & 62)





Again, it is difficult to predict on the present evidence,
how these aldobiouronic acid units are incorporated in the
general molecular structure of the gum.
The tentative identification of the aldotriouronic acids
(iVa, Va, Vb) suggests that the aldobiouronic acid (VIII) is
flanked by galactose residues as shown in IX.
a
Gal £l >(3 or 4) Gal £ Al >2 Rha £l *4Gal £l IX.
4
I
The major rhamnose derivative from the methylated gum is
3-jD-methy 1-L-rhamnose. It follows that almost all the rhamnose
residues in the gum are branched at position 4 (IX). Also,
the isolation of appreciable amounts of rhamnose from the
methylated gum, all of which cannot be due to undermethylation,
suggests the presence of some doubly branched rhamnose residues
in the gum molecule as shown in X. ,
a 3
Gal £l—>(3 or 4) Gal £ Al >2 Rha £ 1 >4 Gal £l X
4
I
The point of attachment of the galactose residue to the
galacturonic acid residue in IX can be either 3 or 4. Since
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the major galactose derivative isolated from the acidic portion
of the methylated gum after reduction was 2,3-di-G-methy1-D-
galactose the point of attachment must be 04. But the detec¬
tion of the aldotriouronic acid Va among the hydrolysis products
of the gum suggests that at least some of the galactose residues
are attached to 03 of the galacturonic acid residue.
The main galactose derivative isolated from the acidic
portion of the methylated degraded gum after reduction was also
2,3-di-0-methy1-D-galactose, hence the galactose residues
"**• sss
attached to 04 of galacturonic acid are still intact after
autohydrolysis.
The acid-labile periphery.
The main acid-labile units in the gum are arabinofuranose
end groups, Ara f 1— . This follows from the fact that a
large proportion of the arabinose is easily removed under the
mild conditions of autohydrolysis and that the main arabinose
derivative from the methylated gum is 2,3»5-tri-0-metny1-L-
arabinose.
The presence of some arabinopyranose end groups is indicated
by the isolation of 2,3»4-tri-0-methyl-L-arabinose from the
methylated gum. Most of it must be attached to other arabinose
units as shown in XI. But some of it is probably attached
directly to galactose residues, this is indicated by the detec¬
tion of an arabino^yranosy1-galactose (as yet unidentified) in
the autohydrolysate. These are probably the few arabinose




present in the degraded gum giving rise to the only arabinose
derivative, namely 2,3»4-tri-0-methylarabinose, on raethylation
and hydrolysis.
The presence of non-terminal arabinose in the periphery of
the molecule is indicated by the isolation of arabinobioses
and 3-0-galactosjlarabinose. The main arabinobiose present
was the 3-O-arabinopyranosylarabinose. This disaccharide was
easily released on autohy droly sis and therefore the reducing
end of the disaccharide probably exists in the furanose form
in the polysaccharide. Thus the structural unit giving rise
to this arabinobiose may be represented by
P
Ara pi >3 Ara -f 1 XI.
The disaccharide 3-0-galactosylarabinose was also liberated
on mild acid hydrolysis and hence represents a peripheral unit
in which the arabinose residue must be in the furanose form (XII).
Gal pi * 3 Ara.f 1 XII.
The traces of 2,3»4,6-tetra-0-methy1-D-galactose detected
in the methylated gum must arise from a few galactopyranose
end groups present in the gum.
The -3Ara£l— units (XI and XII) in the gum would give
rise to the 2,5-di-O-methyl-L-arabinose, which was isolated
from tne methylated gum. On the other hand a unit of the
"tppe -3Ara pi- would give rise to 2,4-di-0-me thy larabinose,
which was not detected among the hydrolysis products of the
methylated gum and therefore is not present in the gum.
The isolation of substantial amounts of 2,3-di-0-methy1-
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L-arabinose from the methylated gum shows the presence of
doubly linked arabinose residues such as -5Ara f1- and/or
-4Ara £l-. Such units were also indicated by the detection
of other unidentified arebinobioses in the autohydrolysate of
the gum. Since practically all the arabinose residues were
removed by autohydrolysis, the arabinofuranase unit (-5Ara fl-)
seems to be more likely to be present, rather than the arabino-
pyranose unit (-4Ara £l-).
Hence we may conclude that the main acid-labile group in
the gum is Ara fl- and other present in small proportions are
Ara £l—




The equimolecular proportions of 2,3,4-tri- and 2,4-di-0-
methy1-D-galfaCtose in the methylated gum and the presence of
only a trace of 2,4-di-0-methy1-D-galactose in the methylated
degraded gum shows that most of the acid-labile groups are
attached to position 3 of the galactose residues in the gum.
This is further indicated by the presence of only a trace of
2-0-methy1-D-galactose and an increased proportion of 2,3-di-
O-methyl-D-galactose in the methylated degraded gum.
The acidic portions of the methylated undegraded and
degraded gums after reduction gave rise entirely to 2,3-di-O-
methy1-D-glucose and 2.3,4-tri-O-methyl-D-glucose respectively." HPS
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This implies that all the D-glucuronic acid residues occupy
a penultimate position in the gum with acid-labile groups
attached to them through position 4.
The increased proportion of 3-0-methy1-L-rhamnose to
rhamnose in the methylated degraded gum compared to the pro¬
portion in the methylated gum indicates that almost all the
sugar residues attached to position 3 of rhamnose are acid-
labile. The presence of only a trace of 3»4-di-O-methyl-L-
rhamnose in the methylated gum and an increased proportion of
it in the methylated degraded gum indicates that at least some
of the residues attached to position 4 of rhamnose are acid-
labile.
Thus on the evidence available so far, we can conclude
that the acid-labile units present in the gum are attached
mostly to positions C3 of galactose and 04 of glucuronic acid
residues. Some of them are also attached to positions 03 and
04 of rhamnose residues.
General structure of the gum.
It is not possible to put forward a complete structure
*or Combretum leonense gum and it is doubtful if a discrete
repeating unlt^ exists. However the following structural
features (XIII, XIV and XV) may be put forward for the gum,
on the basis of the experimental evidence available so far.
The galactan chain in the gum is composed of D-galacto-
pyranose residues linked 1,6-P—, with acid-labile units
attached to position 3 and acid resistant units attached to
- 54 -




-6D-Gal£l-£» 6D-Galpl—^* 6]3-Galpl—* 6D-Galpl- XIIIact ss s» ^ sss ^ ®"*
i




-D-Gal£l—> (3or4 )D-Gal£AlA>2L-Rha£l—*4D-Gal£l- XIVm
4
I
R- 4D-G£A1■-£* bD-Gal£l- XV.
The acid-labile units present in the gum, represented by







on the present evidence it is difficult to say how these
different structural unit3 (XIII, XIV, and XV) are incorporated
in the gum molecule.
Nature of heterogeneity of the gum.
Previous workers (39) analysing pure polysaccharides
isolated from a number of different nodule3 of Combretum
leonense gum found variations in composition, especially in
uronic anhydride and acetyl contents. These variations were
greater than could be ascribed to possible experimental errors.
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Also, in the present investigation the purified polysaccharides
obtained from two different batches of gum had different
optical rotations and uronic anhydride contents.
These results indicated that some kind of heterogeneity
exists in the gum polysaccharide. Since the polysaccharide
has two different acidic residues (galacturonic and glucuronic),
there is a possibility that these acidic units have their
origin in different polysaccharides.
Chromatography of gum samples on coluipns of DSAS-cellulose
in the phosphate form using phosphate buffers followed by
sodium hydroxide for elution, gave rise to polysaccharide frac¬
tions having different uronic anhydride contents.
The first sample (a) of the gum poly saccharide examined
by the above method gave two fractions (Ap and Aj) having
different uronic anhydride contents. Fractions Ap and A2
were eluted from the column with phosphate buffers, the sodium
hydroxide eluate contained only traces of polysaccharide.
The fractions Ap and A2, wnich were freed from inorganic ions
by dialysis and treatment with ion exchange resins, were
subjected to partial acid hydrolysis. Both the fractions
gave the same neutral and acidic oligosaccharides, as shown
in table 7.
A second sample (B) of the gum poly saccharide wa3 frac¬
tionated on DSAE-ceilulose column in a similar manner. In
this case, elation with increasing concentrations of phosphate
buffer gave small amounts of polysaccharide (fraction Bp) in
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the early stages and later a major fraction (B2). Elation
with sodium hydroxide gave a third fraction (B^) of higher
uronic anhydride content. After preliminary examination of
these three fractions (B^, S2 and 3^), it was thought desirable




























B1 4-2 + 4+2° Gal, Ara,
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Accordingly, two large scale fractionations (2g. polysaccharide
each time) were carried out. By following the fractionation
with the phenol-sulphuric acid colour test, it was found that
a successful separation of the fractions was achieved. how¬
ever, considerable difficulty and loss of material was en¬
countered in isolating the polysaccharide fractions free from
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the comparatively large amounts of inorganic ions. Fraction
3^, obtained from the phosphate buffer eluate, had a very low
uronic anhydride content. On partial hydrolysis this fraction
gave 6-0-p-galactosy1-galactose, galactose, arabinose and
traces of Xylose, but no rhamnose or acidic fragments could
be detected in the hydrolysate (table 7). Fraction 32,
obtained from the phosphate buffer eluate, and fraction B3
from the sodium hydroxide eluate had differing uronic anhydride
contents. However, partial hydrolysis of these two fractions
(32 and 33) gave the same neutral and acidic oligosaccharides
(see table 7).
Samples of fractions 32 and 33 were fully methylated and
the mixtures of the methyl glycosides obtained by methanolysis
were examined by vapour phase chromatography in three different
systems. The vapour phase chromatographic patterns were
qualitatively identical, snowing that both fractions give rise
to the same methyl glycosides on methylation and methanolysis.
However, there was some variation in the proportions of the
components in the two samples. These variations were not very
great, except in the case of the methyl-2,3»5-tri-0-methyl-L-
arabinoside which is highly volatile and hence could have been
lost (to a greater extent in one of the samples) during the
working up of the methanolysis product.
Due to the complexity of the vapour phase chromatograms
all the methyl glycosides present in the mixture could not be
identified. However, peaks corresponding to the methyl
- 58 -
glycosides of most of the methylated sugars previously iso¬
lated from the methylated gum were present in the vapour phase
cnromatograms.
Ultraoentrifuge examination (kindly carried out by Dr.
C. I, Greenwood) of the fractions 32 and B3 did not reveal
any difference in them and their sedimentation coefficients
were found to be the same.
From these results we could probably conclude, that the
Oombretum leonense gum nodules consist of varying amounts of
structurally similar polysaccharides which differ in the pro¬
portions rather than in the nature of the constituent struc¬
tural units.
At present there is no evidence available to suggest that
the two acidic units (galacturonic and glucuronic) arise from
different polysaccharides.
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Comparison of the structural features of Gojflbr^tum leonense^
gum with those of other gums.
For the above purpose, the gains may be conveniently divided
into two main groups.
(a) Gums based on inner chains of D-galactose residues, and
(b) Gums based on inner chains of D-galacturonic acid and
L-rhamnose residues.
The only gums which do not belong to either of these
groups are those few gums based on inner chains of D-xylose
residues [e.g.:- Sapota achras gum (111)]. Since Combreturn
leonense gum does not have any structural features in common
with these gums, the above grouping is justified.
The Khaya, Gteroulia and Oochlosper/um guxms belong to
group (b). The sugar components of these gums and the acidic
oligosaccharides isolated from them are summarised in table 8.
The aldobiouronic acid 2-0-(a-D-galactopyranosyluronic acid)-L-
rhamnose had been isolated from all the gums of this group,
except the Sterculia caudata gum. It may be noted here, that
this aldobiouronic acid had also been isolated from many acidic
mucilage polysaccharides showing the close relationship of
this group of gums to the mucilages.
The above aldobiouronic acid is the main acidic fragment
from Gombretum leonense gum. However, so far there is no
evidence to snow that this acidic fragment has the same signi¬
ficance in Gombretum leonense gum as in the above group of
gums where it arises from the main chain. The only other gum
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which is known to have D-gal&cturonic acid residues linked to
L-rhamnose and still does not belong to group (b) of gums is
the Cholla gum (100 and 112).
The gums belonging to group (a), in general have a back¬
bone of galactose residues which carry side chains containing
aldobiouronie acid units and have acid-labile (mainly pentose)
units on the periphery of the molecule. The gums of this
group ma,y be further divided into three sub groups on the basis
of the nature of the linkages in the galactan backbone.
(i) Gums which have highly branched core of D-galactose
residues which are involved in 1,3- and 1,6-linkages.
(ii) Gums having main chains composed of 1,3-linked D-
galactoppranose residues, with 1,6-linked D-galac¬
tose incorporated in the side chains,
(iii) Gums which have main chains composed of 1,6-linked
D-galactopyranose residues.
The Prunus gums and other gums such as Lemon, Sholla,
Mesquite belong to sub group (i). The major structural features
of this group of gums are summarised in table 9 ih terms of the
galactan framework, the acidic fragments and the acid-labile
units.
The acid-labile periphery of this group of gums is com¬
posed mainly of pentose units. But in addition to L-arabinose
residues, some of the gums of this group also contain appreci¬
able quantities of D-x^lose units in the periphery, and in this
manner differ from the gums of sub groups (ii) and (iii).
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The common acidic unit of this group of gums, with the
exception of Cholla gum, is D-glucuronic acid which occurs
33?
sometimes wholly or partly as its 4-0-methyl ether. Partial
hydrolysis of these gums gives rise to one or two of the
following aldobiouronic acids, 4-Q-c- and 6-0-p-[(4-0-methy1)
D-glucopyranosyluronic acid]-D-galactoses, and 2-Q-0-[D-23 JSS ' SS
glucopyranosyluronic acidJ-D-mannose.
Acacia gums and the Asofoetida gum belong to sub
group (ii) and their main structural features are summarised
in table 10.
In addition to acid-labile pentose units, some of the gums
of this group have L-rhamnopyranose as end-groups in the
325
periphery of the molecule. All the gums of this group so
far investigated have only D-glucuronic acid as the acidic
sugar residue. In Asofoetida gum part of the D-glucuronic
acid is as its 4-0-methy1 ether. The aldobiouronic acid, 6-0-
(p-D-glueopyranosyluronic acid)-D-galactose has been charac¬
terised as a fragment from all the gums of this sub group.
The Gombretaceae gums and the Virginia oroboides gum
belong to sub group (iii) and the known structural features
of these gums are summarised in table 11.
The majority of the acid-labile units in the gums of this
sub group are made up of L-arabinose residues. In the
SS
Gombretaceae gums the arabinose residues occur principally as
single L-arabinofuranose end-groups. But Virginia oroboides
gum contains a large proportion of L-arabinopyranose, in
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addition to L-arabinofuranose, end-groups. Svidenoe for the
presence of two adjoining arabinose residues in the acid-labile
periphery has been obtained for A.sohimperi, 0.leonense and
V.oroboides gums by the isolation of arabinobioses. In the
case of gum ghatti no arabinobioses were isolated from the
hydrolysis. However, the pi'esence of substituted ar^binose
residues (e.g.:- 3Arafl-) in the acid-labile periphery of
gum ghatti is indicated by methylation studies on the unde-
graded and Smith-degraded gums (102 and 107). In addition
to the above units, the V-oroboides gum has a small amount of
B-xylopyranose residues in the acid-labile periphery linked
(1—»5) to L-arabinose.
Since methylation studies have not been carried out on
A.schimperi gum it is not possible to predict the mode of
attachment of the acid-labile units in this gum. In the case
of the other three gums, the positions of attachment of the
acid-labile units to the rest of the gum structure are given
in the t&ble below.
Gum










A.latifolia 3 4 3 & 6 -
0.leonense 3 4 - 3
V.oroboides 3 at 4 ? 3 -
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All four gums of this sub-group give rise to the same
homologous series (I) of galactose-containing oligosaccharides
on partial hydrolysis, indicating the presence of chains of
1,6-p-linked D-galactopyranose residues in all of them. How¬
ever, in the case of the two Anogeissus gums, that L-arabinose
residues are incorporated in the main chain is shown by the
isolation of a second homologous series of oligosaccharides
(III).
0-p-D-galac topyranosy1- [ (1—>6)-P-D-galao topyrano sy 1 ]n- (1—*3)-
L-arabinose. (n= 0-3) III.
The Anogeissus gums and the V.oroboides gum give rise to
3-0-p-D-galactopyranosy1-D-galactose (in varying proportions)
indicating the presence of 1,3-linked D-galactose in the
branches attached to the main chain. 0.leonense gum differs
from the above three gums in having 1,4-linked galactose in
the branches, as shown by the isolation of 4-0,-p-3-galacto¬
py rano sy1-D-galactose.
All the three Combretg-ceae gums give rise to 3-0-p-D-
galactopyranosyl-L-arabinose on partial hydrolysis. In the
case of the Anogeissus gums this unit is a fragment from the
0 '
main chain where the arabinose residue is probably present in
the pyranose form. Evidence for the presence of L-arabino-
pyranose residues in the main chain of gum ghatti has been
obtained by the isolation of 2,4-di-0-methyl-arabinose from
the hydrolysis products of the methylated Smith-degraded gum
(107). In Q,leonense gum the above disaccharide is liberated
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on autohydrolysis and hence probably represents a peripheral
unit in which the arabinose residue is present in the iuranose
form-.
The Anogeissus gums and the V.oroboides gum contain D-
■ 1 1 1 1 "1 ' 1 SB
glucuronic acid as their only acidic sugar residue. (In
V.oroboides gum some of these acid residues occur as the 4-0-
methyl ether). Whereas C.leonense gum has D-galacturonic acid
as its main acidic sugar residue, in addition to smaller
amounts of D-glucuronic acid.
All four gums have the aldobiouronic acid fragment 6-0-
(P-D-glucopyranosyluronic acid)-D-galactose, but in varying
"V ss
amounts. The Anogeissus gums and the V.oroboides gum have
2-0-(P-D-glucopyranosyluronic acid)-D-mannose as their main*""* 25 252
aldobiouronic acid. But the main aldobiouronic acid in
G.leonense gum is 2-0-(a-D-galactopyranosyluronic acid)-L-
rhamnose, which, as mentioned earlier, is commonly encountered
as a fragment from gums and mucilages containing interior
chains of D-galacturonic acid and L-rhamnose residues.
It is thus seen that the greatest resemblances is
between the Anogeissus and the V.oroboides gums. The
0.leonense gum, although it has the same general pattern of
molecular structure as the above gums, differs greatly in the
detailed structural features. The V.oroboides and the
0.leonense gums resemble each other and differ from the
Anogeissus gums in not having L-arabinopyranose residues in
the main chain.
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Only preliminary investigation has been done on
Combretum verticillatum gam (108), which belongs to the same
family and genus as Oombretum leonense gum. The soluble
fraction (90$) of the 0.verticillatum gum was found to be
made up of galactose, arabinose and glucuronic acid by
partial hydrolysis studies. It would be of interest to
carry out a detailed investigation of this gum with a view
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TableII..Structuralfeaturesofgumshavingb kbonef1,6-fB-l nk d D-galactop>ranoseresidues.
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Smith degradation studies on the gum.
The gam was subjected to Smith degradation studies (94)
in order to obtain information on the periodate resistant part
of the molecule. It was hoped that these studies would also
provide information as to the relationship between the struc¬
tural features put forward for the galactan framework and the
acidic fragments of the gum.
Since the periodate oxidised uronic acid residues are not
completely cleaved during Smith degradation (107), it was
thought desirable to reduce the gum to the corresponding
neutral polysaccharide before subjecting it to Smith degradation.
Accordingly, the gum (uronic anhydride, 13-9$) was acetylated
and the gum acetate reduced with diborane (82) to give the
almost neuxral polysaccharide (uronic anhydride, ca. 1-4?').
This polysaccharide on hydrolysis with N-acid gave only traces
of acidic sugars.
A trial experiment was carried o.ut by oxidising the
reduced gum (1 g.) with sodium periodate until no more oxidant
was consumed (30 hr.). It was found that 0*76 mols of the
oxidant was consumed per sugar unit. The polyaldehyde was
reduced with potassium oorohydride to the polyalcohol and the
acetal linkages in the polyalcohol were cleaved with mineral
acid at room temperature without affecting the glycosidic link¬
ages. This procedure is referred to as Smith degradation (94).
The degraded polysaccharide (yield ca. 5;'-)» obtained by
precipitation with excess ethanol, on hydrolysis gave mainly
1,6-gal^ctoblose ana galactose together with smaller amounts of
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arabinose and rhamnose. The main part of the carbohydrate
material (non-reducing oligosaccharides), together with the
low molecular weight material such as glycerol and threitol,
was obtained by evaporation of the supernatant mother liquor.
This mixture did not have any free reducing sugars, but after
hydrolysis galactose, arabinose and rhamnose were detected
among the products. This showed the presence of glycosides
of mono- and oligosaccharides in the above mixture.
A larger sample of the reduced gum (14 g.) was subjected
to Smith degradation and the degraded polysaccharide ' P' was
precipitated with excess ethanol as before. Evaporation of
the mother liquor gave the material 'A1 in about 60f° yield.
The ethanol soluble material * A' was extracted with dry
acetone to remove most of the glycerol and threitol. Attempts
to effect fractionation of the acetone insoluble materia1 by
chromatography on Dowex resin X2 and charcoal-Oelite columns
were not very successful. However, seven fractions
were obtained by adding increasing amounts of acetone to a
solution of the material in water.
A portion of fraction Al was methylated by Haworth and
Purdie procedures. The methylated sample [OMe, 39«9$|
[ol3d -31*9° (_c, 0*86, chloroform)] was hydrolysed and among
the products the following methylated sugars were detected, by






-di-O-methyl galactoses (2,3- and 2,4-)
3,4-di-0-methyl rhamnose
3-mono-0-methy1 rhamnose.
The detection of 2,3,5-tri-()-methy 1 arabinose indicates
the presence of arbinofuranose end-groups in the degraded gum.
In the original gum these arabinose residues must have been
substituted on either 2- or the 3-positions in order to be
unsusceptible to periodate oxidation.
The presence of appreciable amounts of 2,3,4,6-tetra-O-
methyl galactose indicates that a large proportion of non-
reducing galactose end-groups have arisen on Smith degradation.
It is probable that such groups arose by cleavage of the 1,6-
linked galactose chain as shown below.
The unsubstituted galactose residue and the sugar unit R
would be removed on Smith degradation.
Since 2,3 ,4-tri-0-methy1 galactose was the main galactose
derivative, a considerable proportion of the 1,6-linked
galactose residues in the gum must have been unsusceptible to





The dimethyl galactoses must have arisen from galactose
residues carrying a periodate resistant sugar unit at
position 3. For example,
-6 Gal 1-
3f 2,4-di-O-osthyl galactose
Aral hydrolysis. 2,3»5-tri-0-methyl arabinose
I
The detection of 3,4-di-0-methy1 rhamnose is evidence
that rhamnose residues substituted at C4 by periodate cleav&ble




are present in the gum.
Since 3-0-methyl rhamnose was also present, at least some
of the substitutents at G4 of rhamnose must be periodate






Another portion of the fraction Ai was subjected to partial
acetolysis and the products were deacetylated by two treatments
with barium methoxide. The products on chromatographic
examination we re found to consist of at least three non-reducing
oligosaccharides. In order to investigate these oligosaccharides
in detail, a large scale partial acetol^sis was carried out on
the combined fractions (Ai_^ and the degraded polysaccharide '?•.
Attempts to fractionate the deacetylated products by
adsorption chromatography on charcoal and by partition
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chromatography on cellulose were unsuccessful. A trial
experiment showed that the non-reducing sugar glycosides
could be separated from the reducing sugars by adsorbing the
latter on strongly basic resin, such as Amberlite resin
IR400(OH).
Hence, the rest of the partial acetolysis products were
placed on a column of De-Acidite F(OH) resin and eluted with
water. Five fractions containing non-reducing oligosaccharides






Evaporations were carried out under reduced pressure at
or below 40°.
Small scale hydrolase,3 were carried out by heating the
sample with the given normality of acid at 100°. Where sulphuric
acid was used, saturated barium hydroxide solution was added until
the solution was almost neutralised and neutralisation was com¬
pleted by addition of solid barium carbonate. The barium sul¬
phate and excess barium carbonate were filtered off through a
celite bed and the filtrate taken to dryness.
Hydrochloric acid hydrolysates were worked up by neutralising
with excess silver carbonate, filtering, passing hydrogen sulphide
filtering through celite and evaporating to dryness. Products
of methanolysis were neutralised in the same manner.
Paper chromatography - Qualitative work was done on Whatman
No.l or 4 papers. Descending development with the following
solvent systems (v/v) was employed.
(A) Ethyl Acetate - Pyridine - Water (10 : 4 : 3).
(B) Ethyl Acetate - Acetic Acid - Formic Acid - Water
(18 s 3 : 1 : 4).
(0) Ethyl Acetate - Acetic Acid - Formic Acid - Water
(18 : 8 : 3 : 9).
(D) Butan-l-ol - Ethanol - Water (4 : 1 : 5, Upper layer).
(E) 3utan-l-ol - Acetic Acid - Water (4 : 1 : 5, Upper layer).
(F) Benzene - Ethanol - Water (11 : 3 : 1. Upper layer).
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(0) Butan-2-one half saturated with water.
(H) Butan-l-ol - Ethanol - Water (1 : 1 : 1, Upper layer).
(1) Butan-2-one - Acetic Acid - Water (9 : 1 : 1, saturated
with boric acid).
The chromatograms, after development for the required length
of time, were air dried and the sugars located by using the
following spray reagents.
I. Aniline oxalate.
Unless otherwise stated, reducing sugars were located by
spraying with saturated aqueous solution of aniline oxalate and
heating at 140-160° for about 5 minutes. The colours of the
sugar spots quoted refer to that of this spray.
Silver nitrate (48).
Polyhydroxy compounds in general, whether reducing or not,
were detected by dipping the chromatogram in the silver nitrate
reagent (1 ml. of saturated aqueous silver nitrate solution added
to 20 ml. of acetone), drying and then dipping in aqueous
ethanolic sodium hydroxide (0*5N). These chromatograms were
preserved by treating with an aqueous solution of sodium thio-
sulphate (10^), followed b,> washing in flowing water for half an
hour and drying.
With this reagent the sugars show up as grey to black spots,
the reducing sugars appear immediately, the more inert compounds
take longer.
III. Hydroxylamine-ferric chloride (49).
Esters and lactones were detected by spraying the
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chromatogram with a methanolic solution of hydroxylamine (made
by mixing equal volumes of N-hydroxylamine hydrochloride in methanol
and N-potassium hydroxide in methanol and filtering), followed
after 10 minutes by a ferric chloride solution (1«6$) in hydro¬
chloric acid (1$). Lactones and esters show up as mauve spots
on a pale yellow background.
IV. Periodate-benzidine (50).
Glycitols were detected by spraying the chromatograms with
an aqueous solution of sodium periodate (0*2$), air drying for 5
minutes and dipping in an ethanollic solution of benzidine (0*25 g.
in 80 ml. of ethanol, and 20 mi. of acetic acid). Any sugar
which reacts with periodate shows up as a white spot on a blue
background, the blue colour fade3 after a few days.
V. Periodate-acetylacetone.
Compounds that will yield formaldehyde with periodate were
detected on chromatogram by spraying with a sodium periodate
solution (0»03M» buffered with acetate to pH 3*4). After 3
minutds the chromatogram is sprayed with potassium iodide solu¬
tion (1?£) followed by sodium thiosulphate (1fo) to destroy
^eriodate. Finally on spraying with a solution an acetyl-
^cetone (1 ml.) and ammonium acetate (15 g.) in methanol (50 ml.)
compounds yielding formaldehyde give yellow spots, which appear
ore intense under ultraviolet light.
Unless otherwise stated, the values of methylated sugars
refer to the rate of movement relative to 2,3,4,6-tetra-0-
methy1-6-glucose on No.l paper in solvent system D.
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Paper electrophoresis (51) was carried out in borate buffer
(pH 10) at 500 volts for 5-6 hr., saturated aqueous aniline
oxalate with little glacial acetic acid was used for spraying
the dried ionophoretograms.
Gas-liquid partition chrom tography (55).
This was carried out on a * Pye Argon Chromatograph' using
argon as the mobile g&s phase. The stationary liquid phase




Operating temperatures used were 150°C for a), 175°C for b),
and 200°C for o).
The T (retention times) values of the methyl eth-r methyl
glycoside is relative to that of methy1-2,3»4,6-tetra-0-methy1-
p-D-glucopyranoside.
SS5
Optical rotations were observed for water solutions (unless
otherwise stated) at ca.20° using sodium D-line as light source.
quantitative separation of sugars.
Thick paper - Whatman 3MM and 17MM papers were used. The
position of the sugars after separation was ascertained by cutting
out and spraying a narrow centre strip. The sugars were eluted
from the paper with cold water in the cases of neutral and acidic
unmethylated and mono-methylated sugars. The higher methylated
sugars were extracted in a soxhlet with hot methanol.
Cellulose columns - were packed dry and washed with water,
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followed by the solvent to be used. The solvents were purified
as below.
Butan-l-ol was refluxed for 1-2 hours with potassium hydro¬
xide (1,' w/v) and distilled.
Light petroleum was shaken overnight with concentrated
sulphuric acid (10$ v/v) washed free of acid with distilled
water and distilled.
Pyridine was refluxed with potassium hydroxide (1$ w/v)
and distilled.
The sugar mixture was placed on the column either by freeze
drying it on to cellulose powder or by dissolving in a small
quantity of butanol in the case of barium salt free methylated
sugars.
The sugars were then eluted from the column using the given
eluants and the eluate was collected on an automatic tui'ntable
in fractions of a suitable volume. A small sample (ca. 5-8 ml.)
from every fifth tube was taken to dryness and examined
chromatographically. Fractions were bulked accordingly, and
evaporated to dryness, and the syrups obtained were cleaned by
dissolving in water and treating with charcoal or by extracting
with acetone and filtering in the case of acetone soluble sugars.
The final filtrate was taken to dryness, dried over phosphorus
pentoxide and weighed.
In the case of sugars which have been eluted with butan-l-
ol containing solvents, evaporation gave a high boiling oil.
Purification of this was effected by distribution between water
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and benzene (or light petroleum), but considerable amounts of
sugar are lost in this process. Another wa^ of purification is
by placing the mixture on thick paper and eluting with benzene.
The movement of the oil can be seen as it colours the paper
yellow. When the oil has run ofi, the paper is thoroughly
dried and extracted with cold water.
Gharcoal-Celite columns were used to separate oligosaccha¬
rides from monosaccharides and from one another (88). Gelite
was washed with concentrated hydrochloric acid: water (1 : 1)
allowed to stand overnight, filtered, washed till free of chloride
with tap water and finally washed with distilled water. Charcoal
was washed thrice with boiling distilled water. The mixture
(1 : 1) was packed as a slurry into columns and washed thoroughly
with water.
The mixture of sugars in small quantity of water was allowed
to soak into the column and the monosaccharides were elated with
water. The oligosaccharides were then separated by stepwise
elation with aqueous ethanol. The eluate (ca. 2 1.) was evapor¬
ated to a small volume treated with Amberlite resin IR 4B(0H),
taken to dryness and chromatographically examined.
DRAl-oellulose columns used for fractionation of poly¬
saccharides (26). Diethyl aminoethyl cellulose (30 g.) was
washed alternately with 0*5 N HG1 and 0-5 N NaOH (500 ml. for
each washing). The cellulose was stirred with the acid (or base)
for 5-10 min., centrifuged and the turbid solution decanted off.
The cellulose was then washed twice with distilled water. A
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perforated disc was placed at the bottom of the column (2 cm.
diameter), then a layer of glass wool, followed by a 1 cm. layer
of silver sand and finally 1 cm. layer of acid washed Celite.
The cellulose was poured in as a water slurry and slight air
pressure applied at the top. The solvent level was always kept
above cellulose to avoid air bubbles. A layer of glass wool was
placed at the top as well. The initial generation and sub¬
sequent re-generations of the cellulose in the phosphate form
was done by eluting the column with 2 litres of 0*5 M sodium
dihydrogen phosphate solution (pH-6 adjusted by adding NaOH)
followed by equilibration with 1 litre of 0*005 M sodium dihydro¬
gen phosphate solution of the same pH. The rate of flow of the
column during this operation was adjusted to ca. 40 ml./hr.
Methoxy1 determinations were carried out b^ means of the
semi-micro Seisel method (59). A 10% solution of sodium
antimony tartrate (1 ml.) was used as scrubber. In almost all
cases the methylated compound dissolved in hydriodic acid and
therefore no other solvent was required. In the case of
methylated polysaccharides heating was carried on for 1^-2 hours.
Demethylations (69) were carried out by heating the sugar
(ca. 5 mg.) with h^driodic acid (1 ml.) in a sealed tube on a
boiling water bath for 8 min. The contents were immediately
diluted with water (ca. 10 ml.) silver carbonate added until
neutral, a small quantity of charcoal stirred in and filtered.
The last trace of silver was removed by hydrogen sulphide and
filtration through charcoal bed. The filtrate evaporated to
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dryness and was examined chromato graphically in solvent A.
Small scale periodate oxidation of raethylatel sugars was
carried out by the method of Lemieux and Bauer (70). The
sugar (1-2 mg.) was dissolved in 0-5N sodium metaperiodate
solution (0*2 ml.)and kept at 0° for 1 hour. The excess of
periodate was destroyed by the addition of ethylene glycol (1
drop) and the solution, after 5 min., was made alkaline to
phenolphthalein with 0«5N sodium hydroxide solution. The solu¬
tion was taken to dryness, extracted with acetone, taken eo a
syrup and examined chromatographically in solvent D. Results
were obtained as follows for some standard sugars: -
Sugar Oxidation Products
Rq Colour
2-methyl galactose 0*24 yellow
2,4-dimethyl galactose (unaffected) 0*50 pink/brown
2.3-dimethyl galactose 0*82,0*93 grey, brown
and 1.05 and grey
2,6-dimethyl galactose 0*24 yellow
3.4-dimethyl galactose 0*93 pink.
Aniline derivatives of methylated sugars were prepared by
reiluxing the sugar in ethanolic redistilled aniline (equimolar
quantities) for 30 min., in the dark. In most cases the 3yrup
crystallised on removal of the solvent in vacuum desiccator and
was recrystallised from ethyl acetate.
Lactones of aldonic acids of methylated sugars were prepared
by oxidation with bromine water. The sugar (100 mg.) was
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dissolved in water (2-3 ml.) and bromine (1 ml.) was added and
the mixture was kept in the dark at room temperature for 2 days.
Excess bromine was removed by aeration and the solution evaporated
to dryness. The residue was extracted with ether and the
lactone was recrystallised from the given solvent.
Aldonamldes. The lactone prepared as above was dried in a
vacuum desiccator, dissolved in dry methanolic ammonia (prepared
by bubbling ammonia gas into dry ice cooled methanol, until
saturation) and left in the ice box for 2 days. Evaporation of
the solvent gave the crystalline amide which was recrystallised
from the given solvent.
Phenylosazones. Sugar (10 mg.) was heated for 30 min. on
a boiling water-bath with 0*01 ml. each of phenylhydrasine (re¬
distilled) and glacial acetic acid, water (0'25 ml.) and a drop
of saturated sodium bisulphite solution. On cooling and adding
water (ca. 1.5 ml.) the phenylosazone was precipitated and was
recrystallised from boiling water.
Potassium borohydride reductions of sugar to sugar alcohols
(65) were effected by dissolving equal weights of the sugar and
the reducing agent in water and allowing the solution to stand
overnight at room temperature. Excess hydride was then destroyed
and potassium ions removed b^ shaking the solution with Amberlite
resin IR-120 (H) for about 30 min. The filtrate was taken to
dryness and the borate ions were removed by repeated evaporation
with methanol.
Lithium aluminium hydride reductions (66) were carried out y
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in dry tetrahydrofuran. Tetrahydrofuran which had been
standing ovei* sodium wire was filtered and distilled off
lithium aluminium hydride.
The acidic material was converted to the methyl ester
methyl glycoside and was dissolved in the solvent. Lithium
aluminium hydride was added and the mixture refluxed, with
exclusion of moisture, on a boiling water bath for 1 hour, more
lithium aluminium hydride was added and refluxing continued for
a further hour. Excess hydride was destroyed by addition of
ethyl acetate and water. The hydroxide precipitates were
filtered and the residue extracted repeatedly with chloroform
and acetone. The combined extracts and the filtrate were
taken to dryness, extracted with dry chloroform and again
concentrated to s syrup.
Diborane reduction (82). The diborane was prepared by the
dropwise addition of boron trifluoride etherate (4'0 g.) in
diglyme (10 ml.) to a stirred solution of lithium borohydride
(0*5 g.) in diglyme (10 mi.) in an atmosphere of nitrogen, and by
bubbling the evolved gas into tetrahydrofuran (40 ml.) over a
period of 1-1£ hr. The diborane solution was then added to the
sample dissolved in tetrahydrofuran and allowed to stand for a few
hours. The excess diborane was destroyed by addition of ethanol,
solvent removed under reduced pressure and the product treated with
portions of methanol to remove boric acid and evaporated to dryness.
Alkaline degradation. Small scale alkaline degradation was
carried out bj dissolving the sugar (10 mg.) in saturated lime
water (2 ml,), bubbling nitrogen to expel oxygen and allowing the
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solution to stand in a stoppered flask at 25° for the required
length of time (2-4 weeks). At the end of this time, the solu¬
tion was treated with Amberlite resin IR-120 (H), evaporated to
dryness and examined chromatographically in acidic solvent systems
such as B. Any saccharinolactone formed could be detected by
spray reagent III.
Pux-ification of methyl iodide for use in Purdie methylation
was done by refluxing with silver oxide and distilling in a dry
system.
Preparation and drying of silver oxide used in Purdie
methylation. The silver oxide which was prepared by addition
of sodium hydroxide (40 g. in 500 ml.) to a solution of silver
nitrate (170 g. in 500 ml.), was washed with cold water (4 1.),
and hot water (1 1.). Alter filtering with suction and draining
the water completely, the silver oxide was ground with acetone
(1 1.), filtered and finally washed with ether to dry. The
silver oxide was further dried in vacuum desiccator and stored
in a dark bottle.
Small scale methplationa. The sugar (2-4 mg.) was weighed
out into a small conical flask and dissolved in water (1 ml.).
Methyl sulphate (0*3 ml.) and sodium hydroxide (30^, 0*3 ml.)
was added slowly over a period of one hour with magnetic stirring.
Further quantities of methyl sulphate (0*3 ml.) and sodium
hydroxide (0-6 ml.) were added and stirring continued overnight.
The reaction flask was kept immersed in ice water to prevent
excessive heating due to stirring. Two more additions of the
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reagents were made on two successive days. The reaction fixture
was then heated on a boiling water hath ior 15 min. and extracted
with chloroform in a liquid-liquid extractor for 10 hr. The
chloroform extract was dried over anhydrous sodium sulphate and
taken to dryness. The product was then dissolved in methyl
iodide (5 ml.) and refluxed for six hours with additions of silver
oxide (c&. 0*5 g. in all). The silver oxide was filtered and
extracted with hot ohloroform in a solid-liquid extractor. The
combined filtrate and chloroform extract were taken to dryness,
dried in a vacuum desiccator and methanolised. The products
were examined by gas-liquid partition chromatography.
Methanolysis, was carried out by heating the sugars with
dry methanollichydrochloride (2$) in a sealed tube for 12-15 hr.
on a boiling water bath. The solution was neutralised with silver
carbonate, filtered, silver carbonate washed with acetone and the
combined filtrate and washing were taken to dryness under vacuum.
Anthrone method for estimation of sugars (46). The reagent
was made by dissolving anthrone (20 mg.) in 100 ml. of AnalaR
sulphuric acid (70?S v/v). It was aged at least for 2 hours
before use and discarded after 24 hours. The reagent was stored
in an ice box when not in use.
Various volumes (0*05 to 1*00 ml.) of the polysaccharide
solution (containing about 100 jj»g./l ml.) were pipetted into
quickf'it tubes and diluted to 1 ml. with distilled water. The
tubes were cooled in a mixture of ice and salt and anthrone
reagent (10 ml.) was added to each tube from a burette. The
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tubes were immediately stoppered, shaken, heated on a boiling
water-bath for 7 minutes and cooled in the dark for half an hour.
The intensity of the green colour produced was measured U3ing an
Unicam spectrophotometer (at 620 mjk) against a blank prepared
with water (1 ml.).
The standard curve was obtained by plotting^g. polysaccha-
x^ide/ml. against the optical intensity ( £• ).
The polysaccharide content of the fractions from DEAE-
cellulose columns was then estimated by treating 1 ml. (or 0*1
ml. diluted to 1 ml. if sugar concentration is high)of the frac¬
tion as above and measuring the optical intensity
Phenol-sulphuric acid method for estimation of sugars (44).
The reagent was made by dissolving Anal&R phenol (5 g.) in 100 ml.
of copper free distilled water.
Various volumes (0'05-l*00 ml.) of the polysaccharide solu¬
tion was pipetted into test-tubes (15 x 2 cm.) and diluted to
1 ml. with water. Phenol solution (1 ml.) was added to each,
followed by concentrated H2SO4 (5 ml., AnalaK), which was added
from a pipette, the stream of the acid being directed on to the
solution surface so as to let the temperature rise to the maximum
and to facilitate mixing. The tubes were allowed to stand for
10 minutes, shaken and placed for 10-20 minutes in a water-bath
at 25-30°C. The optical intensity was now measured with a
Unicam at 485 against a blank prepared with water (1 ml.).
The standard curve was obtained as in the case of the Anthrone
me thod.
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Uremic acid anhydride determinations.
(a) Carbazole method (67). The solution (2 ml.) was pipetted
into Quickfit tubes and cooled in freezing mixture. Concentra¬
ted sulphuric acid (12 ml.) which was previously cooled to 3°G
was added from a burette. The tube was immediately stoppered,
contents mixed and cooled to about 5°C. The tube was then
placed in a boiling water bath for 10 minutes, cooled to 20°C,
1 ml. of 0*15$ carbazole reagent [prepared by dissolving 0*1,5 g.
of reagent grade carbazole in 100 ml. of spectroscopic ethanol]
added, ^laken and allowed to stand at room temperature for 25 +
5 minutes.
The optical intensity of the pinkish mauve colour developed
was immediately measured on a spectrophotometer at 520 mfi,
against a blank prepared with water (2 ml.). The uronic acid
anhydride content was then calculated by referring to the
standard curve made with galacturonic acid.




The crude gum (30 g.) was crushed to small pieces and was
dissolved in water (600 ml.) with mechanical stirring. The
gum dissolved with comparative ease and only mechanical
impurities (wood particles) were left undissolved. The solution
was filtered through muslin cloth and to the filtrate was poured
slowly with stirring concentrated hydrochloric acid (18 ml.)
followed by ethanol (2*5 litres). The precipitate was allowed
to settle and the supernatant liquid decanted off. The gum acid
was then washed repeatedly with ethanol till the washings were
free of chloride ions. The purified gum acid was obtained by
centrifugation and drying first in a vacuum oven at 40°-50° for
12 hours and then in a vacuum desiccator over pho3pherous
pentoxide for two days, as a white powder. Yield - 23 g. (ca.77^).
-15-9° (c, 3*98 N/10 sodium hydroxide).U ' " mmm
Uronio acid anhydride 15*2^ (by decarboxylation method).
A second lot of gum (40 g.) was purified in exactly the same
way. Yield - 32 g. (80$).
[a]d -9*8° (c, 1*01 sodium hydroxide).
Uronic acid anhydride 13*9^ (by decarboxylation method).
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Autohpdrolysis of purified gum aoid.
Trial experiment.
A solution of the gum acid (2 g. in 50 mi. water) was
heated on a boiling water bath for 96 hours. Samples (10 ml.)
were withdrawn at various times and optical rotation was measured.
Time i.n
hours 0 4 12 24 48 96
t«]D -10-5° +10-3° +30*5° +43-0° +49*0° +48-5°
After measuring the rotation the samples were treated with
Amberlite resin IR 43 (OH), concentrated end poured into ethanol
(4 volumes) to precipitate the polysaccharide present. The
precipitated polysaccharide was coagulated by addition of
alcoholic potassium iodide, centrifuged and washed with ethanol.
The filtrates and ethanol washings were concentrated and
examined chromatographioally in solvents A and 3. Tible below
shows the sugars present and a rough idea of the amounts (visual
estimation).
Time in hr. Galactose Arabinose Rh&mnose Arabinobiose
(later identified
as lt
4 1 8 1 tr. Other
12 1 6 11 disao-
24 2 611 eharides
48 3 612 were also
96 4 811 present.
An attempt to separate the mono and disaccharidea by using
a charcoal column did not give any additional information.
The degraded polysaccharides obtained after various times
were hydrolysed in a sealed tube with N-sulphuric acid for four
S3
hours, worked up in the usual way and examined chromatographically
in solvents A and B. [Iodine was interfering with the chromato¬
graphy as a result of the addition of potassium iodide]. The
results are tabulated below.
Time in hr. Galactose Arabinose Rhaninose 1,2-GalA-Rha.
4 6 4 1 1
12 6 4 1 1
24 6 2 1 2
48 6 1 1 2
96 10 1 1 2
Large scale autohydrolysis.
A solution of gum acid (20 g. in 200 ml.) was heated on a
boiling water bath for 36 hours till rotation became constant
[+43-0°].
The solution was neutralised with saturated barium hydroxide
solution followed by addition of solid barium carbonate, filtered
and poured into ethanol (4 volumes). The precipitated poly¬
saccharide (degraded gum I) was centrifuged, washed twice with
ethanol, dissolved in water (200 ml.) and re-precipitated with
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ethanol and finally dried (10-5 €.)t +51*3 (c, 1*13).
Uronic acid anhydride 25-7^ [Average of three determinations
by the decarboxylation method].
The filtrate and ethanol washings were combined, concen¬
trated (200 ml.), treated with Amberlite resin IR 120 (H) to
remove barium ions and then with Amberlite resin IR 45 (OH) to
remove acidic sugars. Concentration yielded a syrup (9*2 g.)
which was found to be a mixture of mono and oligosaccharides by
chromatographic examination.
The IR 45 resin column was eluted with formic acid, the
elute concentrated and examined chromatographically in solvent B
and C showed galactose, arabinose, galactotriose and two un¬
identified acidic oligosaccharides.
Partial hydrolysis of degraded gum I.
The degraded gum was hydrolysed with N/2-sulphuric acid
for 2 hr. at 100°. The product on chromatographic examination
in solvent A was found to contain galactose (main), arabinose,
r'namnose (traces) and 1,6-galactobiose, no 1,3-galactosy larabinose
could be detected. The rest of the 3yrup was placed on a small
charcoal column and eluted first with water (300 ml.) followed
by ethanol (15^, 500 ml.). The eluates were taken to dryness
and examined in different solvent systems. The water eluate
contained galactose, arabinose, rhamnose and 1,2-galacturonosyl-
rhamnose. The ethanol eluate contained 1,6-galactotriose,
1,6-galactobiose, 1,2-galacturonosylrhamnose and traces of 1,3-
galactosylarabinose, galactose and arabinose. The rest of the
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degraded gum I was subjected to methylation studies. See page(lCW).
Separation and examination of the sugars obtained by auto-
hydro lysis.
The syrup (9*2 g.) was placed on a charco&l-Celite column
(30 x 5*5 cm.) and eluted first with water, and later with
gradually increasing concentrations of ethanol. Fractions of
about 2000 ml. were collected, concentrated to dryness and
examined chromatographically in solvents A and B. (Table 1).
Sixteen fractions were collected in all, but satisfactory
separation was not obtained. Fraction A (7»9 6.) which in
addition to monosaccharides contained some oligosaccharides was
reseparated on the same column. The column was first eluted
with water and then with 20$ ethanol. Fractions of about 500
ml. were concentrated and examined. (Table 2).
Table 1 - (Initial separation).
Fraction Eluant Wt.in g Contents
A water 7*9644 Monosaccharides and small amounts
of disaccharides
B water 0*1610 Monosaccharides, galactobiose, traces
of galactosyl arabinose and arabino-
biose
C water 0 17 99 Mixture of various mono and oligo¬
saccharides
D water 0*1706 -do
E water 0*0740 -do-
F 5$ ethanol 0*1433 1,6-Galactotriose.
G 20$ ethanol 0*6531 Mixture of various sugars
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Table 2 - (Heseparation of fraction A).
















Fractions B, C, D, E, c and d were combined (0-956 g.) and
separated on a cellulose column (44 x 2 cm.) using butanol half
saturated with water as eluant. Fractions (20 ml.) were
collected every half hour and examined in the usual manner.
Fraction Tubes Wt. in mg. Contents
i 1-38 310 Arabinose and rhc-unnose
ii 39-100 76 Galactose (main), arabinose and
two disaccharides
iii 101-125 25 1,3-;-rabinobiose and traces of
other sugars
iv 126-270 67 Mixture of disaccharides
v 271-470 16 1,4-galactobiose and traces of
other sugars




Examination of trie fractions.
fraction ii.
This fraction (76 ag.) consisted of galactose (main),
arabinose, 3-0-£-L-arabinopyranosyl-L-arabinose and a sugar
having RQa]_ 1*20 in solvent A and giving a pink stain with
aniline oxalate. After two fraction&tions on thick paper using
solvents 3 and A, a Syrup (11 mg.) having [o. ]r> +28-0° (£, 0»36)
was obtained from the mixture. This syrup was mainly the un¬
identified sugar (R{jai 1*20) with a trace of galactose. Total
hydrolysis of a sample gave almost entirely arabinose with only
a trace of galactose. Another sample after reduction with
potassium borohydride and hydrolysis gave arabitol, galactitol
and arabinose.
The rest of the s„rup (3 mg. ) was methylated, methanolysed
and the mixture of glycosides obtained, examined by vapour
phase chromatography in systems a and b. The following methyl
glycosides were detected:-
Methyl-2,3»5-tri-0-methyl-L-arabinoside (T 0*55 and 0*72-0-73
— Tn system b)
Methyl-2,3,4-tri-0-methyl-L-arabinoside (T 1*04 in system b)
Methy 1-2,3-di-0-methyl-li-arabinoside (T 1*56 and 1*95 in system" -
b)
Methyl-2,3,4,6-tetra-0-methy1-D-galactoside (T 1-80 in system b""
and 1*25 and 1*37
in system a)
Methyl-2,3»5,6-tetra-0-metny1-D-galactofuranoside (T 1-12 in
— system a, a very
small peak).
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fraction iii was combined with fraction b and purified on thick
paper using solvent B. The pure partially crystalline sugar
(50 mg.)» ^Gal 0*82, 0*68 in solvents A and B respectively
and [c]D +164*0° (£, 1*0).
The disaccharioe gave a phenyl osazone, which after two
recrystallisations from water had m.p. and mixed m.p. (with
authentic sample 230-232°) 225-228°, and [c]j) +42*0° (c, 0-07
acetone). The X-ray powder diagram of the phenylosazone was
identical to that of the authentic sample, Periodate oxidation
of the phenylosazone gave 1-12 and 1*45 molecules of formalde¬
hyde after 30 >nd 300 minutes respectively, but no mesoxaldialde-
hyde-1,2-bisphenylhydrazone was formed. This result is con-
sistant with that of Hough et al. (86), reported for a 1,3-
linked arabinose diaaccharide. From this evidence the
disaccharide appears to be 3-0-fB-L-arabinopyranosy 1-L-arabinose.
Attempts to recrystallise the partially crystalline sugar
irom aqueous ethanol were unsuccessful.
The syrup (20 mg.) was methylated by four additions of
methyl sulphate and }Q?o sodium hydroxide. The methylation was
completed by a treatment with methyl iodide and silver oxide.
A sample on methanolysis ana vapour phase chromatographic
examination showed methy1-2,3»4-tri-Q-methylarabinoside (T 1*04
in system b), methy1-2,4-di-0-methylarabinoside (T 2*26 and 2*37
in system b) and only a ti'ace of methy 1-2,5-di-0-me thy larabino¬
side (T 0*41-0'42 in system a), indicating that the methylation
was complete. The rest oi the methylated disaccharide was
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hydrolysed with N-hydrochloric acid at 100° for 4 hr. and the
products (19 mg.) fractionated on thick paper using solvent D.
Subtractions. The s^rup (6«7 mg.) was chromatographically
pure and identical to 2,4-di-0-methy1-L-arabinose. The aniline
SOB
derivative was prepared which after recrystallisation from
ethyl acetate had m.p. and mixed m.p. (with authentic sample
129-130°) 120-122°.
Subtraction 2. This fraction (8 mg.) was chromatographically
pure and identical to 2,3,4-tri-O-methyl-L-arabinose. The
amide of aldonic acid of the methylated sugar was prepared, but
failed to crystallise.
Fraction iv.
The syrup (67 mg. ), [a]t) +67*7° (£, 0*74) was fractionated
on thick paper using solvent A.
Subtraction (iv)a.
This fraction was a mixture of two sugars having the same
chromatographic mobilities as 3-0-p-galactosylarabinose and
3-0-P-arabinopyranosylarabinose. The sugar having the same
Sjjeed as 3-0-P-galactosylarabinose was obtained pure (9 mg. )
by separation on thick paper using solvent 3, [a,]j-j +52*7°
(c, 0'46), Rgai 0*69 (solvent A). A sample (1*5 mg.) on
hydrolysis with ^-sulphuric acid for 2 hr. at 100° gave galac¬
tose and arabinose onl^. Another sample (1*5 mg.) after
reduction with potassium boroh^dride and hydrolysis gave mainly
arabinose and galactitol with traces of galactose and arabitol.
A third sample (3 mg.) was methylated, methanolysed and the
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products examined by vapour phase chromatography.
The main component (T 0*90 in system b and 0*85 in system c)
was unidentified, other components which were present are methy 1-
2,3»5-tri-O-methyl-L-arabinoside (T 0-55 and 0 72 in system b),
methy1-2,3,4-tri-G-methyl-L-arabinoside (T 1*04 in system b),
methyl-2,3»4,6-tetra-0-methyl-D-galactoside (T 1*80 in system b
and 1*54, 1*62 in system c), methy1-2,4-di-0-methy1-L-arabinoside
(T 2-34 in system b and 1.-15 in system c) and methy 1-2,3,6-tri-0-
methy1-D-galactoside (T 3*30, 4*30 and 4*74 in system b).
Subtraction (iv)b.
This fraction gave the same chromatographic pattern as the
original mixture.
Subfraction (iv)c.
This fraction (6 mg.) was a mixture of 3-0-P-L-arabino-
pyranosy1-L-arabinose and an unknown which had 0*93 in
solvent A and 0 53 (same as 3-0-p-galactosylarabinose) in sol¬
vent B.
On hydrolysis with N-sulphuric acid for 3 hr. it gave
arabinose, galactose and a trace of xylose. On potassium boro-
hydride reduction, followed by hydrolysis with N-sulphuric acid
for 3 hr., it gave a product in which galactose and arabinose
were still present; the glycitols in this mixture could not
be identified due to heavy streaking. The rest of this frac¬
tion was methylated, methanolysed and the products examined by
vapour phase chromatography. The pattern obtained was com¬
plicated, the following glycosides were the major components.
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Methy1-2,3,5-tri-O-methy1-L-arabinoside (T 0*55 and 0-72 in
system b), meth,>1-2,3»4-tri-0-meth^1-L-arabinoside (T 1*04 in
system b), methy1-2,3»4-tri-0-methyl-D-xyloside (T 0*46 and 0*55
in solvent b), methyl-2,3,4,6-tetra-0-methyl-D-galactoside (T
1*53 &nd 1-62 in system c), me thy 1-2,3, 4-tri-O-iaeth.y 1-D-
galactoside (T 2»64 and 29*2 in system c) and methy1-2,5-di-0-
niethj 1-L-arabofuranoside (T 0*71 and 1-03 in system c).
Fraction y.
Purification of this fraction on thick paper gave a
chromatographically pure sugar (5-7 mg.), [a]^ +93*0 +80'7°
(c, 0«57), having the same chromatographic mobility as 4-0-p-
D-galactopyranosyl-D-galaetoee in solvents A and 3. However
this sugar gave a pinkish brown stain with aniline oxalate,
whereas the authentic sugar gives a brown stain.
Fraction vi.
This fraction (288 mg.) was chromatographically a bit
streaky, but had the same mobility as 6-0-p-D-gal<-ctosyl-D~
galactose in different solvent systems.
A sample (4 mg. ) was methylated, methanol., sed and the
products examined by vapour phase chromatography. The major
peaks were those of methy1-2,3,4,6-tetra-0-methy1-D-galactoside
(T 1»80 in system b) and me thy1-2,3,4-tri-0-methy 1-^L-galacto-
side (T 4-50 and 7*45 in system b), however minor peaks corres¬
ponding to me thy 1-2,3,5,6-tetra-O-methy1-D-galactofuranoside
(_T 1*41 and 2*04 in system b), me thy1-2,3,6-tri-jO-ae thy1-jD-
galactoside (T 3» 26, 4*20 and 4-72 in system b) and methyl-
2,3,4-tri-O-methy1-L-arabinoside (T 1*07 in system b) were also
present.
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Partial hydrolysis I. Neutral Oligosaccharides.
Trial experiment.
The polysaccharide was dissolved in water and filtered
through aiu3lin. The solution was heated on a boiling water
bath and the appropriate quantity of 4N-sulphuric acid was added
to make the strength of the resulting solution 0*5N. Refluxing
was continued and samples (equal volume) were removed after 0*5,
1, 2, 3 and 4 hours. Neutralisation and subsequent operations
were carried out with care in order to minimize losses of the
hydroly sate, which after concentration was spotted as one spot
on Whatman 3MM paper and examined in solvent A. Visual inspec¬
tion of the resulting chromatograms suggested that the best
yield of neutral oligosaccharides could be obtained by hydrolysing
the gum with 0-5N-sulphuric acid lor 2 hours at 100°.
Large scale hydrolysis.
Accordingly, the gum (30 g.) was hydrolysed with 0*5N-
sulphuric acid (450 ml.) for 2 hours at 100°. After cooling,
neutralisation was effected, by first adjusting the pH to about
5 by addition of saturated solution of barium hydroxide and
subsequently adding solid barium carbonate. The resulting
solution was centrifuged, filtered through Gelite, concentrated
to about 200 ml. and poured into ethanol (800 ml.) to precipi¬
tate the unhydrolysed gum (degraded gum II). This precipitate
was separated by centriiugation, washed twice with ethanol and
dried (10*0 g.). The supernatant was concentrated to a syrup
(16*5 g.).
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Separation of the neutral oligosaccharides.
The above s^rup (16'5 &•) was dissolved in water and placed
on top of a charcoal-Celite column (50 x 7 cm.)- The column
was first eluted with water, till most of the monosaccharides
had come off, and later with gradually increasing concentrations
of aqueous ethanol. Fractions (ca. 2000 ml.) collected every
24 hours were evaporated to a small volume, treated with
Amberlite resin IK 4B (OH), evaporated to dryness and examined
chromatographically in solvents A, B and H. The latter solvent
is suitable for the higher oligosaccharides which are very slow
in solvent A. These fractions (36 in all) were combined
according to their contents and the following eight final frac¬
tions shown in table 3 were obtained.
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fraction Eluant Wt. in g. Contents
A Water 11*569 Galactose, arabinose, rhamnose
and traces of disaccharides
B 2 • 5?o ethanol 0*500 1,6-galactobiose,
1,3-galactos,, larabinose and
traces of mono and trisaccha-
rides
C 2*5$ ethanol 0*130 1,6-galactotriose, 1,6-galacto-
biose and 1,3-galactosylara¬
binose
D 5/-S ethanol 0* 080 1,6-galactotriose, 1,6-galacto¬
biose and 1,4-galactobiose
E 3fo ethanol 0*332 1,6-galactotriose (main) and
1,6-galactotetraose
F 10fo ethanol 0*512 1,6-galactopentaose,
1,6-galactotetraose and
1,6-galactotriose
G 15/» ethanol 0*116 Mixture of sugars, chromatograau
not clear due to streaking
H 20^ ethanol 0*050 Galactose, arabinose and
other sugars.
Table 3.-
Examination o± the fractions and identification of the neutral
oligosaccharides.
Fraction A. 11*569 g.
Since this fraction contained mainly monosaccharides, which
had aires.idy been identified in the preliminary investigation (98),
it was not examined further.
fraction 3. 0*500 g.
Chromatography in solvents A and B indicated this fraction
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to be a mixture of sugars, the main component of which was 6-0-
P-galactosylgalactose. The s^rup was separated into four
fractions on a cellulose column (45 x 2 cm.) using solvent A.
The fractions bulked appropriately, evaporated to small volume,
treated with charcoal and taken to dryness.
Subtraction B (i). 0'055 g.
This fraction was chromatographically found to contain
3-0-galactosylarabinose mixed with galactose and arabinose. It
was fractionated on 3MM paper using solvent A and the pure 3-0-
galactosylarabinose obtained was combined with the next fraction
for further examination.
Subfraction 9 (ii). 0*080 g.
This fraction was mainly 3-0-galactosylarabinose with some
6-0-galactosylgalactose. It was separated on 3MM paper and
combined accordingly.
Identification of 3-0-D-galaotosy1-L-arabinose.
The syrupy sugar (87 mg.) had R(jal°"59 and 0*53 in solvent
systems A and 3 respectively, [o]D +22-4° (£, 1-25).
Total hydrolysis of a sample (5 mg.) with N-sulphuric acid
for 4 hours and chromatographic examination of product in solvents
A and 3 showed galactose and arabinose only.
The syrup crystallised after two months and was recrystallised
from aqueous ethanol. m.p. and mixed m.p. 175-177° (with
authentic sample of 3-0-p-D-galactosy1-L-arabinose melting at
39? SB
202-203°). X-Ray powder photograph of the crystals was
identical with that of the authentic sample.
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Subfraotion B (ill).
This fraction, 0*289 g., R(}al 0*23 in solvent A, [o.]D +30*0°
(c, 0*15), was chromatographically pure and. identical to 6-0-
gulactosylgalactose in solvents A and 3.
When
A sample (5 mg. ) was totally hydroly3ed with N-sulphuric
acid at 100° for 6 hours and examined chromatographically in
solvent A, only galactose was detected.
All attempts to crystallise the sugar were unsuccessful.
When methanol was tried as a solvent some crystals appeared but
these lost their cr^stallinity on taking out of the solvent.
The phen^losazone of the sugar was prepared and recrystallised
from water. m.p. and mixed m.p. 179-181°. X-Hay powder photo¬
graph of the osazone was identical with that of an authentio
sample.
Two attempts to prepare the phenylosotriazole (96) from the
phenylosazone were unsuccessful.
The syrup (100 mg.) was dissolved in water (5 ml.) and
methylated by three additions of the reagents methylsulphate (12
ml.) and 30$ sodium hydroxide solution (16 ml.) with the usual
precautions. Extraction with boiling chloroform gave the
methylated sugar (60 mg.). A sample (3 mg.) on hydrolysis with
^-sulphuric acid for 4 hours at 100°, gave in addition to
2,3,4,6-tetra- and 2,3f4-tri-0-methylgalactoses small amounts of
dimethyl galactoses due to incomplete methylation. Hence the
syrup was dissolved in water and methylated by a further addition
of the reagents. The fully methylated sugar was seeded with a
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crystal of methyl hepta-0-methy1 6-Q-(3-D-gal&ctoSj< 1-D-galacto-
side and left in a desiccator over phosphorous pentoxide,
crystals appeared after a long time. These crystals could not
be separated from the adhering syrup for melting point deter¬
mination.
The methylated disaccharide (42 mg.) was hydrolysed with
N-hydrochloric acid for 4 hours at 100° and worked up in the
usual manner. The product was fractionated into three fractions
on thick paper using solvent D.
Fraction a. 3*2 mg. Chromutographically identical to 2,3-di-
0-methy1-D-galactose in solvent systems D and F.
Fraction b. 12*0 mg. Ghromatographically pure and identical
to 2,3»4-tri-Q-raethyl-D-galactose. It was identified by con-
version to the aniline derivative, m.p. 165-166° and mixed m.p.
163-165° (with authentic sample of 2,3»4-tri-0-methyl-N-phenyl-D-"■** jgj-
galactosylamine).
Fraction c. 10*1 mg. Ghromatographically pure and identical
to 2 ,3»4,6-tetra-0-methy1-D-galactoae. When heated with ethanolic
aniline, afforded an aniline derivative, m.p. and mixed m.p. 189-
190°, (with authentic sample of 2,3»4,6-tetra-0-methy1-N-phenyl-
D-galactoSjlamine m.p. 198°).
Subfraction B (iv). 0-064 g.
This fraction was chromatographically pure and identical to
1,6-galactotriose and was hence combined with the same obtained
from fraction £ and examined further.
Fraction G. 0*130 g.
This fraction was found to be a mixture of 1,6-galactotriose,
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1,6-galactobiose and 1,3-galactosylarabinose.
It was separated on 17MM paper using solvent system A into
1,6-galactotriose (30 mg.), 1,6-galactobiose (45 mg.) and 1,3-
galactosylarabinose (12 rag.). These sugars were combined with
the appropriate subfractions and examined further.
Fraction D. 0*080 g.
This fraction on paper chromatography separated into 1,6-
galactobiose, 1,6-galactotriose and a third component having
chromatographic mobility faster than 1,6-galactobiose and giving
a brown stain fluorescent in u.v. light with spray reagent I.
It was separated into three fractions on thick paper using
solvent system A.
Subtraction D (i). 0*040 g.
This was chromatographically pure and identical to 1,6-
galactotriose .
Subtraction D (ii). 0*013 &•
This fraction was found to be a mixture of 1,6-galactotriose
and 1,6-galactobiose.
Subtraction D (iii).
This fraction (0*016 g.), (a]j) +35*5—? +27*6° (£, 0*82), had
RGal 0*49 and 0*40 in solvent systems A and 3 respectively. It
was chromatographically and ionophoretically different from 3-0-
P-galactopyranosylgalactose and 4-0-c-galactopyranosylgalactose,
but was identical to 4-0-P-galactopyranosylgalactose. Attempts
to crystallise the syrup were unsuccessful.
The sugar (2 mg.) was dissolved in water (0*02 ml.) and the
solution diluted to 0*2 ml. with glacial acetic acid. Lead tetra
- 107 -
acetate (10 mg.) in glacial acetic acid (0*8 ml.) was added and
the mixture allowed to stand for two hours (97). Excess oxalic
acid (1Q?'- in acetic acid) was added to destroy excess reagent
and precipitate lead ions. The precipitate was filtered, the
filtrate evaporated to dryness and the residue was taken up in
a few drops of water and heated for 2 hours to effect hydrolysis.
Chromatographic examination of the product in solvents A and B
showed galactose, a trace of arabinose -nd a tetrose (slower
than erythrose). Since no lyxose (which would arise from 3-0-
D-galactosyl-D-galactose) was detected, the sugar is most
probably 4-0-p-D-galactopyranosyl-D-galactose.
The syrup (4 mg.) was methylated, methanolysed and the
products on examination by gas-liquid partition chromatography
showed peaks corresponding to methyl-2,3,4,6-tetra-O-methyl-D-
galactoside (T 1*80 in system b), methy1-2,3,5,6-tetra-0-methy1-
D-galactofur&noside (T 1*44-1*45 in system b), methy1-2,3,6-
tri-Q-methy1-D-galactoside (T 3*28 and 4*76 in system b), a
ti'ace of me thy 1-2,3,4-tri-0-me thy 1-D-gal^cto side (I 7*46 in
system b), methy 1-2,3»4-tri-0-methy1-L-arabinoside (T 1*04 in«■" JS1S "*
sy3tem b), and methy 1-2,3,5-tri-0-methy1-L-arabinoside (T 0*55
mmmm
ana 0*74 in system b).
Fraction S.
This fraction (0*330 g.) had 1,6-galactotriose as its main
component together with 1,6-galactotetraose and a trace of an
unknown sugar.
It was fractionated on a cellulose column (45 x 2 cm.) using





The sugar (0.011 g.) had a chromatographic mobility
slightly slower than galactose and gave a pink stain with
aniline oxalate spray. It was tentatively identified as 3-0-
p-L-arabinopyranosy1-L-arabinose, larger quantities of which
were obtained from the autohydrolysate of the gum acid.
Subtraction S (ii). 0.252 g.
fiGai 0-68 in solvent H. [a]D + 3-2-6° [c, 1-5].
Chromatographic examination in solvents A, B and H showed
this fraction to be pure and identical to Q-|3-D-galactopyrano-*"*• 33?
sy1-(1-+6)-0-p-B-galac topyranosy1-(1—?6)-D-galacto se.
Total hydrolysis with N-sulphuric acid for four hours at
100°C gave only galactose. Partial hydrolysis with 0»5N-
TSS
sulphuric acid for half an hour at 100° and chromatographic
examination of the product showed galactose, 1,6-galactobiose
and some unhydrolysed trisaccharide.
The syrup (150 mg.) was dissolved in water (5 ml.) and
methylated by three additions of methyl sulphate (12 ml.) and
30^ sodium hydroxide (18 ml.) on three successive days, the
usual precautions being observed. The solution was heated on
a water bath for one hour, cooled, and extracted with chloroform
in the cold to give the methylated product (51 mg.). Continuous
extraction in a Soxhlet with boiling chloroform gave another 52 mg.
A sample (3 mg.) of the product was hydrolysed with N-hydro
chloric acid at 100° for three hours and examined chromato-
graphically in solvent D. The main components were 2,3,4,6-
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tetra-O-methylgalactose and 2,3,4-tri-0-methylgalactose, but
considerable amounts of di and mono methyl galactoses were also
present.
The partially methylated trisacchariae (100 nig.) was
dissolved in water and treated to two more additions of the
above reagents. Extraction with boiling chloroform in soxhlet
gave the fully methylated product (102 mg.). Hydrolysis of a
sample (3 mg.) and chromatographic examination showed only
2,3,4,b-tetra-0-methyl-IJ-galactose and 2,3,4-tri-0-methy1-D-
galactose.
The remainder of the methylated trisaccharide was hydro-
lysed with N-sulphuric acid for four hours at 100°, neutralised
with Amberlite resin IR 4B (OH) and concentrated to dryness.
The resulting syrup was separated on thick paper using solvent
system D, into two fractions.
Fraction (a). 0*035 g., Rq. 0*89.
Ohromatographically pure and identical to 2 ,3,4,6-tetra-O-
methy l-D-galactose . It was identified by conversion to the
aniline derivative, which crystallised readily and was recrys-
taliised twice from ethanol. m.p. and mixed m.p. 190-191°
(with authentic sample of 2,3,4,6-tetra-O-methyl-N-phenyl-O-
galactosylamine melting at 195-196°).
Fraction (b). 0*059 g*, R(j 0*73.
This was chromatographically pure and identical to 2,3,4-
tri-O-methyl-D-galactose. It was identified by conversion to
— MB
the aniline derivative, which after recrystallisation from ethyl
- 110 -
acetate had in.p. 160-162° and mixed m.p. 165-166° (with
♦
authentic sample melting at 169°).
Subtraction E (iii) was chromatographically identical to 1,6-
galactotetraose.
traction F. 0-512 g.
Chromatographic examination in solvents A and H showed this
fraction to be a mixture of 1,6-galactopentaose, 1,6-galacto-
tetraose and 1,6-galactotriose. These were chromatographically
checked with the corresponding sugars which had been isolated
from gum ghatti. Fractionation of the mixture on charcoal-Celite
column (30 x 3 cm.), followed by separation on thick paper gave
two pure fractions.
Subtraction F (i). 0*098 g. Hgai 0*26 and Rj> 0*11 in solvnnt H.
[&]D +11-1° (£, 2*7). Chromatographically indistinguishable
from 0-p-D-galactopyrano sy1- [ (1—*6) -0- (3-D-galac topyrano sy 1 ] _ -"— a — as ^
(l-*6)-D-gaiactose. Total hydrolysis gave galactose only and
partial hydrolysis yielded 1,6-galactobiose, a slight trace of
sugar having H(jai 0.63 in solvent B, and galactose.
Subfraction F (ii). 0-038 g. EQ.a]_ 0-15 and R-p 0-04 in solvent H.
[a]s+7-l° (£, 1-12). Chromatographically indistinguishable
from 0-p-D-galac topy ranosy 1- [ (1—* 6) -0- (3-D-galac topyrano sy 1 ]y
(1—?6)-D-galactose. Total hydrolysis gave galactose only and
33*
partial hydrolysis yielded 1,6-galactobiose and galactose.
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Partial Hydrolysis II - Acidic Oligosaccharides.
Trial Hydrolysis.
The gam acid (100 rug.) was dissolved in water (5 ml.),
heated on a water bath and added 4N-sulphuric acid (15 ml.) to
make the strength of the resulting solution normal. Refluxed
on a boiling water bath and 1 ml. samples were removed after
2,3,4,6, 9 and 20 hours. These samples were neutralised with
barium carbonate, deionised with Amberlite resin IR 120 (H),
evaporated to dryness and spotted as one 3pot 3MM paper and
examined in solvents B and C. Visual inspection of the result¬
ing chromatograms suggested tnat the best yield of acidic
oligosaccharides could be obtained by hydrolysing the gum acid
with N-sulphuric acid for 9 hours at 100°.
In later trial hydrolysis experiments two-dimensional
chromatographic development technique using solvents system A,
followed by B, waa used with a view to getting a better quali¬
tative separation oi the acidic and neutral oligosaccharides.
But the results oi these chromatograms were not very satis¬
factory*, only traces of acidic oligosaccharides could be seen
on linal spraying. Hence the separation was effected by
spotting the sugars on No.4 paper and first developing in sol¬
vent A for 4-5 days and when all the neutral sugars had run
oft the paper, it was dried ^nd developed overnight in solvent
system G, dhis method proved more useful.
Similar trial hydrolysis on the unhydrolk. sed portion of the
gum (degraded gum II) obtained after initial hydrolysis (see
page Ioo) showed that the best yield of acidio oligosaccharides
could be obtained b^ hydrolysing this degraded gum II with N-
sulphuric acid for 3 hours at 100°C. f
Large scale hydrolysis. \ ^—
The degraded gum II (9-5 g.) was hydrol^sed with N-sulphuric
acid at 100° for 3 hours, after cooling neutralised with barium
cai'bonate, deionised with Amberlite resin IR 120 (H) and taken
to a syrup. (5-65 g.)*
Gum acid (1 g.) was also hydrolysed with N-sulphuric acid
at 100° ior 9 hours and worked up as above, (0*80 g.).
Separation of the acidic oligosaccharides.
The combined s^rup (6-45 g.) was placed on a column (60 x
2-5 cm.) of Amberlite resin CG 45 generated in the formate form.
(Made by pouring 250 ml. oi the resin into the column and washing
tnoroughly with distilled water). The column was first eiuted
with water till no more sugars (neutral) came off. The acidic
sugars were now eiuted with aqueous formic acid of increasing
concentration (0*5$, 1$, 2$). The elution of the sugars was
followed bj collecting fractions of about 1 litre, concentrating
to dryness and examining chromatographically in the solvents A, B
and G. The acidic oligosaccharides which were ver,y slow on
chi'omato grams developed in solvent 3, moved much faster L.nd
separated well from one another in solvent C.
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Fractions iluant Weight Contents
1 to 6 water
7 to 10 water
11 to 17 0 * 5$ HC00H









3 acidic oligosaccharides and
traces of other unidentified
sugars
Traces of acidic oligosaccharides,
contaminated with inorganic matter
Mostly resin
The mixture of acidic oligosaccharides (Fr. 11 to 17:
1-9928 g.) was separated on 17MM paper using solvent system C
into five subtractions.
Cub fraction I. 2-0-c.-D-galaoturonosy 1-L-rhamnose.
This sugar (0-635 g.)» [a]]} +66-3° (£, 3*4), had Rq&i a 0-79
and 0-82 in solvent systems # and G respectively, it gave a
characteristic brown/yellow stain with aniline oxalate, which
appears orange in ultra violet light.
A sample of the sugar was converted to the methyl ester
methyl glycoside with methanolic hydrochloride, reduced with
potassium borohydride and h^drolysed with N-sulphuric acid at
100° for 4 hours. The product on chromatographic examination,
was found to contain galactose and rhamrxose only.
The acid (0*515 g.) was dissolved in water (10 ml.) and 1 ml.
each oi methyl sulphate and 30$ sodium hydroxide solution were
added dropwise over a period of one hour with vigorous stirring.
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The reaction flask was kept in ice and an atmosphere of nitrogen
was maintained to prevent degradation by alkali. Methyl
sulphate (30 ml.) and 30$£ sodium hydroxide (60 ml.) were added
dropwise over a period of 3-4 hours and the mixture stirred over-
night. Three more additions of the reagents were made during
the next three consecutive days. Vigorous stirring was main¬
tained during and between methjlations. After the final
meth^lation the solution which was alkaline was heated on a
boiling water bath for 30 min., cooled and just acidified with
dilute sulphuric acid. The sodium sulphate was precipitated by
addition of ethanol. The precipitate was filtered and washed
with ethanol, and tne combined filtrate and washings were made
slightly alkaline and concentrated to small volume (about 50 ml.).
The solution was now again made acidic (just acidic, as any free
sulphuric acid might cause hydrolysis) and extracted 4 times
with chloroform in the cold. The combined extracts were con¬
centrated to about 10 ml., filtered and the methylated acid was
precipitated by addition of excess light petroleum (b.p. 60-80°).
field, 0-459 g. (Found: OMe, 40-25$. Gale.: OMe, 44* 05$).
A sample (10 mg.) was reduced with diborane and hydrolysed
with W-hjarochloric acid at 100° for 4 hrs. After treatment
SB
with Amberlite resin IE 43 and concentration the product was
examined chromatographically in solvent D. It was found to
contain 2,3»4-tri-0-meth^1-D-galactose, 3.4-di-0-methy1-L-
— SEX SSS
rhamnose, a trace of sugar travelling between the two and a faint
spot on the starting line. This spot on the starting line did
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not iiiove in solvent E and hence is not the unreduced acid.
A portion of the methylated acid was recrystallised from
light-petroleum (b.p. - 100-120°). The colourless plates had
m.p. 67-70° and mixed m.p. 70-71° with an authentic sample of
methyl 2-0-(o-D-galactopyranosyluronic acid)-L-rhamnoside
penta-methyl ether dihydrate. This product had OMe, 42«3^»
[a]D +94*4° (£, 1*335 in chloroform), and gave an X-ray powder
photograph identical to that obtained from the authentic sample.
The rest of the methylated acid was reduced with diborane.
Yield - 0*342 g. A portion of this reduced methylated acid
(150 mg.) was hydrolysed with N-hydrochloric acid at 100° for
4 hours, neutralised with Amberlite resin IR 43 and taken to
dryness. Chromatographic examination of the product in solvents
0, F and G showed 2,3,4-tri-0-methy1-D-galactose and 3,4-di-O-
methyi-L-rhamnose, but none of these solvents were found suitable
for separation. Hence the mixture was separated into three
fractions on a cellulose column (50 x 2 cm.) using light
petroleum (b.p. 100-120°):butanol (7:3) saturated with water as
eluant.
Fraction (a).
This fraction (0*062 g.; Eq 0*90) was chromatographically
pure and indistinguishable from 3»4-di-Q-methyl-L-rhamnose.«■» 535*
The syrup crystallised and was recrystallised from ether-light
petroleum (b.p. 40-60°). The clusters of needles obtained had




This fraction (0*008 g.) was found to be a mixture of
2,3,4-tri-Q-methylgalactose and 3,4-di-0-methylrhamnose.
Fraction (c).
This fraction (0.085 g.; Rg 0»72) was chromatographically
pure and identical to 2,3 »4-tri-0-methy 1-D-galactose. It was
identified by conversion to the aniline derivative, which
crystallised and was recrystallised from acetone, m.p. 153°.
After another recryst&llisation from ethyl acetate it had m.p.
159-160° and mixed m.p. 165-166° (with authentic sample of 2,3,4-
tri-O-methy1-N-pheny1-D-galactosylamine melting at 165-166°).
A second portion of the partially crystalline reduced
methylated acid (50 mg.) was dissolved, in acetone-light pet¬
roleum (40-60°) and left to stand in an ice box. No crystallisa¬
tion occurred even after months. However, on allowing the
solution to stand at room temperature the solvent evaporated and
the syrup crystallised spontaneously yielding long blackish
needles which melted in the range of 99-118°. Attempts to
purify these crystals by recrystallisation were unsuccessful.
The rest of the reduced methylated gcid (80 mg.) was
remethylated with methyl iodide -nd silver oxide. The resulting
methyl ester methyl glycoside of 2-0-c-D-g^lacturonosyl-L-
rhamnose pentsmethyl ether was dissolved in warm n-hexane.
Spontaneous evaporation gave long needles which after separation
on porous tile had a melting point of 109°. A melting point of
93-94° (indefinite) is given in the literature. Several attempts
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to recrystallise the product from n-hexane gave gelatinous
crystals on the sides of the flask.
Subfraction II. D-Galacturonic acid.
HI
This fraction (0.040 g.)» had 1*00 in solvent B and
[<x]D +16*3° [c, 1-84].
A sample (5 xag.) was converted to the methyl ester methyl
glycoside, reduced with potassium borohydride and the methyl
glycoside obtained was hydrolysed for 2 hours with N-hydrochloric
acid. The product on chromatographic examination was found to
contain galactose only.
The sugar (20 mg.) was dissolved in water (1 ml.) and a
solution of 2,5-dichlorophenylhydrazine (20 mg.) in hot methanol
(1 ml.) wa3 added to it. Evaporation of the solution on a
boiling water bath gave a s,yrup which crystallised spontaneously.
The product was washed with ether to remove excess reagent and
recr^stallised from dioxane (very difficultly soluble). The
crystals obtained had a melting point of about 350°.
The 2,5-dicalorophenylhydrazone made with authentic
galacturonic acid had a m.p. 180°.
Subfraction III. 6-Q-ft-D-Glucuronosy1-D-galactose.
This fraction (0*305 g.), had 0*41 and 0*54 in solvent
Sj3tems 3 and 0 respectively, [a]y +21-4° (£, 2.1), and was
chromatograjjhically homogenous. A sample was subjected to
methanoly sis, reduction with potassium boi'ohydride and hydro lysis.
The product on chromatographic examination was found to contain
galactose, glucose and traces of rhamnose. The rhamnose had
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probably arisen from the triuronic acid (Jubfraction IV) which
travels just slower than this aldobiuronic acid.
The acid (154 nig.) was dissolved in water (5 ml.) and
methylated with methylsulphate and sodium hydroxide following
the same procedure as for 2-Q-D-galacturonosy1-L-rhamnose
(Subfraction I). Extraction with chloroform gave a syrup (139
mg.) QMe, 40*8^.
This syrup was dissolved in methyl iodide (4 ml.) and the
mixture refluxed with four equ^l additions of silver oxide (29
g. in all). The silver oxide was filtered and repeatedly ex¬
tracted with boiling chloroform. Evaporation of the combined
filtrate and chloroform extracts gave the fully methylated acid
(122 mg.). The Syrup crystallised on standing in a desiccator
and was recrystallised from acetone-light petroleum (b.p. 40-60°)
mixture. The rosette-like crystals obtained had m.p. and mixed
m.p, 81-83° with an authentic sample of the methyl ester methyl
glycoside of 6-0-D-glucuronosyl-D-galactose hexamethyl ether,
of m.p. 85°. The crystals had [ctjjj -16-2° (fc, 0*802].
The X-ray powder photograph was identical with that of the
authentic sample.
Subfraction IV. Triuronic acids.
This fraction (0*116 g.), had HQai 0*16 and 0«27 in solvent
systems 3 and C respectively, [c]q +62.9° (£> 0*64) and was
chromatographically homogenous but streaky. Paper ionophorosis
showed one homogenous spot about 12» 7 cm. from the origin.
A sample (3-5 mg.) was hydrolysed with N-sulphuric acid at
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100° for 4 hours. Chromatographic examination of product in
solvent B showed galactose, 2-0-galacturonosylrhamnose and some
rhamnose.
Chromatographic examination of the product after methanoly¬
sis, borohydride reduction and hydrolysis showed galactose and
rh&mnose only.
A sample (10 mg.) was dissolved in water and converted to
the potassium salt by adding potassium carbonate (10 mg.).
Potassium borohydride (15 mg.) was added to the solution and left
to stand overnight. Next day the solution was deionised with
Amberlite resin IR 120 (H), repeatedly evaporated with methanol
and hydrolysed with N-sulphuric acid at 100° for 4 hours.
After neutralisation with barium carbonate, deionisation and
evaporation to dryness the product was examined chromatographi¬
cally using solvent I and spray reagent IV.
The chromato gram showed the presence of galactitol and
rhamnitol in e^ual amounts in addition to galactose, rhamnose
and 2-_0-galacturonosrflrhamnose. Hence it appears that this
fraction is a mixture of aldotriuronic acids.
Trial alkaline degradation on 2-0-galacturonosylrhamnose
showed that it was not affected by alkali up to 3 weeks.
Trial degradations done on maltose and 3,6-anhydrogalactose
gave two different saccharinolactones travelling at different
speeds on chromatograms.
A sample (6 mg.) oi the triuronic acid was subjected to
alkaline degradation. After 2 weeks half the solution was
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worked up and spotted on two papers and developed in solvent A.
One paper was sprayed with reagent III, no 3pots due to aoid
lactones were visible. The second paper was sprayed with
reagent I showing unchanged triuronic acid and almost an equal
amount (visible inspection) of 2-Q-galacturonosylrhamnose.
The re3t of the solution was worked up after about 2 weeks
and examined as above. Still no saccharinolactones could be
detected, however spray reagent I showed unchanged triuronic
acid travelling a bit faster than the original mixture of acids,
2-0-galactouronosylrhamnose and a trace of a pink spot travell¬
ing slightly faster than arabinose.
The mixture of triuronic acids (25 mg.) was dissolved in
water and methylated with four additions of methyl sulphate and
sodium hydroxide following the same procedure as for 2-0-D-
galacturonosyl-L-rhamnose. Extraction with chloroform gave a
__syrup (21 mg.).
Hydrolysis of a sample (1 mg.) with H-sulphuric acid for
four hours followed by chromatography in solvent D showed that
the methylation was incomplete.
The syrup was dissolved in water and remethylated by two
more additions of the reagents. The fully methylated acid was
converted to the methyl ester methyl glycoside by refluxing with
methanolic hydrochloride, reduced with lithium aluminium hydride
and hydrolysed with N-sulphuric acid for 6 hours at 100°. The
product was examined chromatographically in solvents D, F and G,
and found to contain the following sugars.
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2> 3 >4 ,6-Tetra-O-methyl-galaetose
-tri-O-methy1-galactose (one or more)
-di-O-methy1-galactose (one or more)
and 3,4-di-0-methyl-rhamnoae.
No 3-0-methyl-rhamnose was detected.
The rest of the syrup was converted to the methyl glycosides
and examined by vapour phase chromatography in all three systems.
The methyl glycosides of the methylated sugars given in the
table below were detected. T values in parentheses are those
corresponding to more than one glycoside.
Methyl glycosides of T in system b T in system c
2,3>4,6-Tetra-O-methyl-galactose 1*80 1*52 & (1*62)
2,3»4-tri-0-methyi-galacto3e 4*76 & 7*50 2*66 & 2*94
2,3»6-tri-O-methyl-galactose 3*27, 4*33 & (1*62) & (2*50)
4-87
2.3-di-Q-methyl-galactose 2-23 & 2*62 (2*50), 3*21,
(system a) (3*74) & (4*36)
2.4-di-G-methyl-galactose - (3*74 ) & (4*36)
3,4-di-0-methyl-rhamnose 0*73 & 1*00 0*61
Subtraction Y.
This fraction (0*032 g.) was found to be a mixture of 2-0-
galacturonosylrhamnose and arabinose by chromatographic
examination.
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Methylation of degraded gum.
The degraded gum I (9 g.) was dissolved in water (50 ml.)
and treated with methyl sulphate (72 ml.) and 30^ (w/v) aqueous
sodium hydroxide (144 ml.) below 20° in an atmosphere of nitrogen
and with vigorous stirring. Six further additions of the same
quantities of the reagents were made on six successive days.
The final mixture was heated on a boiling water bath for 1 hr.
and filtered. The filtrate was dialysed in running water until
free of sulphate ions. The residue which was insoluble in
water and most organic solvents (acetone, dioxan, ethanol and
methanol), was shaken with water, dialysed, acidified and extrac¬
ted with chloroform. The dialysed filtrate was also acidified
and extracted with chloroform. The combined chloroform extracts
were dried over anhydrous sodium sulphate and evaporated to
dryness. (4 g.; QMe, 30*3^; Ash 1«9$). The combined aqueous
solutions were Concentrated to a small volume and treated with
two more lots of methyl sulphate and 3odium hydroxide. The
reaction mixture was heated on a boiling water bath acidified
until just neutral and extracted with chloroform, nothing came
into chloroform.
The reaction mixture was therefore dialyBed for about a
week, concentrated to a small volume and freeze dried (1*5 g.;
OMe, 32-535; Ash, 3*2$).
The combined methylated degraded gum (5*5 g.) was dissolved
in anhydrous ether and a little methanol. The solution was
cooled in ice and ethereal solution of diazomethane (prepared by
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treating nitrosomethyl urea with potassium hydroxide) was added
in small portions until evolution of gas ceased. The presence
of excess dieaomethane was ascertained by removing a few drops
into a test tube and introducing a glass rod moistened with
glacial acetic acid when immediate evolution of gas occurred.
The solvent was removed under reduced pressure to give the
methylated degraded gum. (4*7 g.; OMe, 35*2$).
This was then methylated thrice with methyl iodide and
silver oxide to give a product (2-98 g.; OMe, 42*8$) whose
methoxyl content was not increased on further treatment with
methyl iodide and silver oxide.
Hydrolysis of the methylated degraded gum.
The methylated degraded gum was suspended in 2N sulphuric
acid (100 ml.) at room temperature for 5 days and at 40-50° for
a further day. The resulting solution was diluted to 200 ml.
heated on a boiling water bath for 10 hr. (constant rotation),
cooled, neutralised with saturated barium hydroxide followed by
barium carbonate, filtered and washed with precipitate thrice
with water. The combined filtrate and washings were concentrated
to a thick syrup (1.7 g.) which was placed on a cellulose column
(45 x 2*5 cm.) and eluted with butan-l-ol half saturated with
water to give fractions A to C, followed by elution with water
to give fraction D.
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Fraction Wt. in mg. Contents
A 820 - Neutral methylated sugars (about 7)
B 83 Tetra-O-methy1 galactose, tri-0-
methyl galactose and acidic sugars
C 103 Acidic methylated sugars
D 637 Barium salts of acidic methylated
sugars
Examinations of the fractions.
Fraction A; The syrup (820 mg.) was placed on a column (55 x
1*5 cm.) and eluted with light petroleum (b.p. - 100-120°) -
butan-l-ol (7;3> later 1:1) saturated with water, followed by
butan-l-ol half saturated with water to give 10 fractions. A
further fraction was obtained bj elution of the cellulose with
water. The fractions were examined chromatographically in
various solvent systems and the probable sugar content of the
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fraction 1. 2,3*4 ,6-Tetra-O-methyl-D-galactose ,
3,4-di-0-methy1-L-rhamnose.
This fraction (0*135 g.), hud Rq 0*86 and [aj^ +84*1°
(c, 0*58).
Paper chromatography in solvents (D) and (G) showed a
single component, but in solvent (F) it separated into two com¬
ponents corresponding to the above two sugars and a trace of an
unknown sugar faster than tetra-0-methy1-glucose.
The syrups were separated into 4 fractions on thick paper
using solvent system (F).
Subtraction la.
The syrup (0*015 g.), RG 0*87, [&3D +18*0° (c, 0*60) gave
a khaki stain with aniline oxalate spray, and was chromato-
graphically and ionophoretically pure and identical to 3,4-di-O-
methy1-L-rhumnose. It crystallised on seeding as long white
fibres of m.p. 93-94° and was recrystallised from ether-light
petroleum (40-60°) m.p, and mixed M.P, 95-96° (with authentic
_„sample of 3,4-di-0-methy1-L-rhamnose).
Subfraotion lb (0*005 g.)•
Paper chi'omatography in solvent F showed this to be a mixture
of 3,4-di-O-meth,/1-rhamnose and 2,3,4,6-tetra-0-methyl-galactose.
Subfruction lc.
This fraction (0*094 g.), Rq 0*89, [&]q +90*7° (£, 0*97) was
chromatographically and iono^horetically pure and identical to
2,3,4,6-tetra-O-methy1-D-galactose. The aniline derivative was
prepared and recrystallisation gave lohg white needles m.p. 191-192°
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and mixed m.p. 195°; with authentic 2,3,4,6-tetra-O-methyl-
D-galuctosy lamine of m.p. 198°.
Oubfraction Id.
This fraction (0*012 g. ) had R(j 0"89 and 1*01 (trace).
Paper chromatography showed it to "be mainly 2,3,4,6-tetra-
0-methy1-D-galactose with a trace of an unknown which moves a
bit faster than 2,3,4,6-tetra-Q-methyl-D-glucose.
Fraction 2. 2,3,4-Tri-O-methy1-L-arabinose and
2,3,6-tri-O-methy1-D-galac to se.
This fraction (0-007 g.) had [o-]D +95*2° (£, 0-40),
Rq 0-84 (pink) and 0-73 (brown). Paper chromatography in sol¬
vents D, F, and G showed it to be a mixture of the above two
sugars. Demethylation gave galactose, arabinose and traces of
mono-0-methyIgalactoses.
Fraction 3. 2,3,4-Tri-O-methy1-D-galactose.
Tnis fraction (0-243 g.)» had [o.]D +117-7° (equil.) (£, 0-97),
Rq. 0-73. Gas-liquid partition chromatography and paper chromato¬
graphy in the three solvents D, F and G, showed it to be pure
and identical to 2,3,4-tri-0-methy1-D-galactose.*■"* «3C
The sugar was characterised by conversion to the aniline
derivative m.p. 166-167° and mixed m.p. 168-169° (with authentic
sample of 2,3,4-tri-0-methyl-D-galactos^lamine of m.p. 161-162°).
Fraction 4. 2,3,4-Tri-O-methy1-D-galactose and 3-0-methy1-L-
rhamnose.
This fraction (0-041 g.), had [a]j)+67-l°(£, 0-30), Eg. 0-77 (pink)
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and 0*66 (khaki).
Paper chromatography in the three solvents D, F and G showed
it to be a mixture of the above two sugars. The sugars were
separated into two fractions 04 thick paper using solvent system F.
Subtraction 4a. 0*012 g.
This was chromatographically pure and identical to 3-0-
methy1-L-rhamnose and was combined with fraction 5.
Subtraction 4b. 0*011 g.
This was chromatographioally pure and identical to 2,3,4-
tri-0-methy1-D-galactose.
Fraction 5* 3-O-Methy1-L-rhamnose.
This fraction (0*008 g.), [ajjj +25*0° (c, 0*24), 0*68
(khaki) was chromatographically pure and identical to 3-sethyl-L-
rhamnose in three different solvent systems*
The combined syrups of subtraction 4a and this fraction
crystallised on seeding and leaving in the vacuum desiccator,
m.p. and mixed m.p. (with authentic sample 115-116°) 115-118°.
Attempts to recrystallise it from methanol-ether were unsuccessful.
Fraction 6. Methylated acidic sugars.
This fraction (0*012 g.) streaked in four different solvent
systems tried (A, D, F and G). In solvent system E it separated
into 4 components and was found to contain the same sugars as
fr. 0. Hence this fraction which consists of methylated acidic
sugars was combined with fr. 0 for further examination.
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Fraction 7. 2,3-Di-Q-raethy1-D-galactose.
This fraction (0*046 g.)» [oJ-q +80*6° (equil.) (c, 0*72),
Rj, 0*50, was chromatographically (3 solvents) and ionophoreti-
cally indistinguishable from 2,3-di-O-methyi-D-galactose.
Chromatography of the periodate oxidised sugar showed three
spots grey (Rq 0*82), brown (Rq 0*93) and grey (Rq 1*05) iden¬
tical to those given by 2,3-di-0-methy1-D-galactose. The
aniline derivative was prepared but failed to crystallise.
Fraction 8. 2,4-Di-O-methy1-D-galactose and
2.3-di-Q-methy1-0-galactose.
Chromatographic examination of this fraction (0*007 g.),
Rq. 0*48 in solvents A, D and F showed it to be a mixture of the
above two sugars. Ionophoresis gave a streak of about 5 cm.
long starting from the origin line. Periodate oxidation
followed by examination of the products by chromatography showed
the three spots characteristic of 2,3-di-O-methyl-D-galactose
and unchanged 2,4-di-0-meth^1-D-galactose.
Fraction 9. Rhamnose (main), 2,4-di-JD-methy 1-D-galactose and
3.4-di-0-methy1-D-galactose.
II unci1 II11 II HI iff I Ifflffi III i I l« I mm III I ———»
Paper chromatography of this fraction (0*023 g.)» Rq 0*43
(trace) and 0*35, in solvents D and F showed it to be a mixture
of rhamnose, 2,4-di-0-methyl-D-galacto3e and a third component
— sst
which gave a pink stain with aniline oxalate. In solvent B
this fraction separated into four components corresponding to
rhamnose, 2,4-di-0-methylgalactose (trace), an acidic sugar
- 130 -
(trace) and a sugar having the same chromatographic speed as
3,4-di-0-methy 1galactose.
Paper ionophoresis gave three spots, a pink spot (1.2 cm.
irom origin) due to 2,4-di-^-methylgalactose, a khaki spot (4*4
cm. from origin) due to rhamnose and a brown spot (6*7 cm. from
origin) probably due to 3,4-di-O-methylgalactose. Periodate
oxidation followed by chromatographic examination of the product
showed a pink spot due to unchanged 2,4-dimethylgalactose, a
trace of slowing pink spot probably due to an acid and a pink
spot (Kg 0*81) of a dimethyl pentose, which must have arisen from
3,4-di-0-methy1-1)-galactose.
Fraction 10. 2,3,4-Tri-O-meth.yl-D-glueuronic acid traces of
—
, n
2-0-methy1-D-galactose and galactose and an-am w jjqj
I——■—<■ mi ii in in in n iTWiiuni i inn mi i in in i j in m m—nnnim i mnmimm inim ihhiikii mi .in—- 11 i
unknown.
This fraction (0*030 g.) streaked in solvents A, I) and F and
also indicated probable presence of galactose. However in
solvent E it gave a discrete pink spot (Rq 0*88) most probably
due to a tri-methyl hexauronic acid and two faint spots corres¬
ponding to galactose and 2-0-methyIgalactose.
In solvent B it separated into a very fast moving pink spot
due to the acid and three other spots due to galactose, 2-0-
methyigalactose and an unknown.
Paper chromatographic psttei*n in solvents A, D and E of the
syrup after treatment with Amberlite resin IR 120 (H) was not
much different from that of the original syrup. The pattern
also did not change on hydrolysis of the syrup with N-sulphuric
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acid for two hours.
The rest of the syrup (£a, 10 rag.) was separated into two
fractions on 3MM paper using solvent system B.
Subtraction a.
Chromatographic examination of this fraction (0.002 g.) in
solvent B showed galactose, 2-0-methylg&lactose and an unknown
moving between the above two. Periodate oxidation and examina¬
tion of product in solvent D showed two yellow spots of Rq. 0*24
(methoxymalondi&ldehyde from 2-0-methylgalaotose) and Rq 0*75 (?).
Subtraction b.
This fraction (0.003 g.), Rq. 0«85 (solvent E) was chromato-
graphically pure in solvents B and E. Chromatographic examination
of the product after methanolysis, potassium borohydride reduction
and hydrolysis showed 2,3,4-tri-Q-methyl-D-glucose.
Fraction 11. Barium salts of acidic methylated sugars.
This fraction (0*028 g.) streaks in solvents D and E. When
it was deionised with Amberlite resin IR 120 (H) and examined in
the above two solvents it was found that this fraction had the
same components as fraction C and was therefore combined with
fraction C for further examination.
Fraction 3.
Chromatographic examination of this fraction (0«083 g.) in
solvents D, E and F showed it to be a mixture of 2,3»4,6-tetra-0-
raethy1-D-galactose, 2,3,4-tri-O-methyl-D-galaotose and fraction C.
This fraction was not examined further.
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Fraction 0.
This fraction (0-103 g.)» had Rq 0-19 (streaky) and gave
a stain with aniline oxalate which appeared purplish pink in
U.V. light.
Chromatography of this syrup in solvent A showed a streak
at the origin, but no spots corresponding to neutral methylated
sugars were detected.
In solvent E it separated into the following 4 components:-
Rq Colour in daylight Colour in J,V, light
0*07 pink -
0*44 brownish pink purplish pink
0*65 light khaki orange
0*76 pink purple
A few mg. of this fraction was deionised with Amberlite
resin IR 120 (H) and examination in solvent E gave the same
pattern as above, except that spot (Rq. 0*07) was absent.
The combined Fraction C, 6 and 11 was dissolved in water,
shaken up with Amberlite resin IR 120 (H) and taken to dryness.
The dry syrup was converted to the methyl ester methyl glyco¬
side by refluxing with methanolic hydrogen chloride, cooled,
neutralised with silver carbonate and taken to dryness.
The dry syrup was dissolved in purified dry tetrahydrofuran
and lithium aluminium hydride was added and the solution re-
fluxed for 1 hr., a little more of lithium aluminium hydride was
added and refluxed for a further hour. The excess hydride was
destroyed by adding ethyl acetate and water alternately.
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Filtered and the residue was extracted several times with
acetone and chloroform. The combined filtrate and extracts
were taken to dryness, extracted with dry chloroform and again
concentrated. Yield - 110 rag.
Chromatographic examination of this syrup in solvents D
and E showed a pink spot of Hg 0*19 (solvent D) and Rq 0*14
(solvent E).
This syrup was hydrolysed with N-sulphuric acid by reflux-
ing at 100°C for 6 hours. The cooled solution was neutralised
with barium hydroxide followed by barium carbonate, filtered
through Celite, shaken with Amberlite resin IR 120 (H) and taken
to dryness.
Paper chromatography in solvents (A, D and F) and visual
examination showed the presence of the sugars shown in table 4.
The main bulk of this syrup was combined with the corres¬
ponding syrup from Fraction D for separation and examination.
Fraction D.
This fraction (0*637 g.) did not move on chromatograms
developed in solvents D and E, hence it consists of barium salts
of acidic sugars only. The syrup was deionised by treating
with Amberlite resin IR 120 (H). Yield - 489 mg.
The deionised syrup streaked in solvent A, but in solvent E
it separated into the following four components.
Rq Colour in daylight Colour in U.V. light
0*18 light grey pinkish orange




16 tag. of the sugar (Rq Q«39) was obtained pure by
separating 50 mg. of the deionised syrup on thick paper using
solvent E. This sugar (16 tag. Rq 0'39) was examined separately
and is referred to as subfraction D.
This subfraction D and the main fraction D (468 rag.) were
both separately subjected to methanolysis, reduction with
lithium aluminium hydride and hydrolysis with N-sulphuric acid
for 6 hours at 100°. Paper chromatographic examination of the
resulting syrups in solvents A, D and P showed the presence of
the sugars shown in table 4. An approximate proportion of
the sugars (visual estimation) is also given in the table.



















Subtraction D had an unidentified sugar, which gave a pink
stain with aniline oxalate and had low Rq. value.
Small samples of the above three fractions were treated
with dry methanollic hydrochloride and the resulting mixtures of
methyl glycosides were analysed by vapour phase chromatography.
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The results are shown in the table below.






Methy1-3,4-di-0- 0.61(c) + + +
me thy1-L-rhamnoside
Me thy1-3-Q-methy1-L- 1.00(c) + + +
rhamnoside
Me thy1-2,3,4-tri-0- 1.34 & + + + (little)
me thy 1-jD-glucoside 1.81(c)
Me thy1-2,3,4-tri-0- 4*74 & + + (little) +
methy1-D-galactoside 7.48(b)
Methy1-2,3,6-tri-0- - 1.27(a) & trace trace trace
me thy l-D-'galacto side 1.66(c)
■
Methyl-2,3-di-0- 2.46,3*69 + + +
me thy1-D-galactoside & 4.20(c)
Unknown I 0.43(b) - + trace
Unknown II 1.45(c) _ + +(little)
The combined syrup (285 mg.) from fractions 0 and D was
placed on a cellulose column (45 x 2 cm.) and eluted with light
petroleum (b.p. - 100-120°) - butan-l-ol (7:3» later 1:1)
saturated with water and finally with water.
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fraction Tubes Wt. in
mg.
Colour rG Content





(ii) 151-270 32*0 Pink 0*72 2,3,4-tri-0-methy 1-0-
galactose
(iii) 271-335 45*1 Khaki 0-67 3-Q-me thy1-L-rhamno s e




to se, 3-0-me thy1-L-
rhamnose and rhamnose
(v) 436-576 13-9 Brown 0-54 2,3-di-O-methy1-D-galac¬
tose and 2-0-methy1-0-
galactose
(vi) Water 12.3 Grey Streak
fraction (i). 2,3,4-Tri-O-methyl-D-glueose and*"
■
- -mmmmmmmmmmmmmmmmmrmmmmmmmmmmmmmmmmmmmti ii mi n mi urn i n n —
3,4-&i-0-methy1-L-rhamnose.
This traction (0*038 g.), &nd Rq. 0*86, [ol]jj +45*5° (£, 0*72).
Paper chromatography in solvents D, F, G and I showed either
a spot or streak with two overlapping colours, suggesting that it
is a mixture oi at least two sugars. On paper ionophoresis it
separated into two distinct spots, a khaki spot 4-8 cm. below
starting line corresponding to standard 3>4-di-0—methyl-L-
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rhamnose and a pink spot 2»4 cm. above the starting line cor¬
responding to standard 2,3,4-tri-0-methy1-D-glucose.
The syrup was separated into two fractions by ionophoresis
on 3 MM paper, (borate buffer pH 10, 500v, 7 hrs.). The
sugars were located by cutting out a centre strip and spraying
with saturated aqueous aniline oxalate acidified with acetic
acid. The borate complex was then eluted with cold water,
treated with Amberlite resin IR 120 (H) to remove sodium ions,
taken to dryness and repeatedly evaporated with methanol to
remove borate.
Fraction (i)a.
This fraction (0*008 g.), Rq 0*91, [c]j) +46 • l^+73* 0°
(£, 0*26), was chromatographically and ionophoretically pure
and identical to 2,3,4-tri-Q-znethy1-D-glucose. The aniline
derivative was made, but failed to crystallise.
Fraction (i)b.
This fraction (0*014 g.), Rq. 0*90, [a]j) +23*0° (£, 0*32),
was chromatographically and ionox^horetically pure and identical
to 3,4-di-0-methy1-L-rhamnose. The syrup crystallised on
standing in desiccator as a cluster of long needles and was re-
ciystaliised from ether - light petroleum (40-60°). m.p. 93-95°
and mixed m.p. 91-92° with sample of authentic 3,4-di-0-methy1-
L-rhamnose.
Fraction (ii). 2,3,4-Tri-Q-methy1-D-galactose.
This fraction (0*032 g.), RG 0*72, [o.]0 +125*0° (£, 0*20),
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was chromatographically pure and indistinguishable from standard
2,3»4-tri-0-methy1-D-galactose in solvents D and F. It was
characterised by preparing the aniline derivative, m.p. and mixed
m.p. 162-163°.
Fraction (iii). 3-O-Methy1-L-rhamnose.
Shis fraction (0-045 g.), RQ 0-67, [a]D +38-3° (c, 0-47),
was chromatographically pure and indistinguishable from 3-0-
meth,y 1-L-rhamnose in solvents D and F. The syrup crystallised
on seeding and leaving the desiccator and was recrystallised from
methanol ether. m.p. and mixed m.p. 115-117°.
Fraction (iv). 2,3-Di-0-rne thy 1-D-galactose with traces of
3-0-methy1-L-rhamnose and rhamnose.
This fraction (0-093 g.)» had Rq. 0-52, and fa]j) +78-2° (c,
0-62).
Chromatography in solvent D showed a brown spot (Rq. 0-52),
with a trailing (khaki) probably due to 3-0-methy1-rhamnose.
In solvent F the main component gave a brown streak corresponding
to 2,3-di-0-methy1-galactoae and there was a trace of a khaki
spot just below starting line corresponding to rhamnose. In
solvent G it separated into three spots corresponding to 2,3-di-
0-methjl-galactose (Main), 3-0-methy1-L-rhamnose and rhamnose.
Paper ionophoresis gave a brown spot 2 cm. from the line, with a
khaki trail, standard 2,3-d4-0-methylgalactose moved 2-1 cm. on
the same paper.
Periodate oxidation and chromatography in solvent D gave a
\
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pattern characteristic of 2,3-di-O-methy1-D-galactose (2 grey
and one brown spot) and a trace of brown spot ( Rq. 1*00, pink
in u.v. light) due to 3-0-methy1-rhamnose.
This fraction was separated into three fractions using
solvent G.
Subfraction a, (0*009 g. )•
Chromatography in solvents F and G showed mostly 2,3-di-O-
methy1-galactose and some rhamnose.
Subfraction b. (0*041 g.)*
Chromatographically pure and identical to 2,3-di-O-methyl-D-
SB
galactose. It was converted to the amide of the aldonic acid,
but all attempts to crystallise it were unsuccessful.
Subfraction c. (0*008 g.).
Chromatography showed this fraction to be a mixture of 2,3-
di-O-methy1-D-galactose and 3-0-methy1-L-rhamnose.«""• mm as
Fraction (v). 2,3-Di-O-methyl-D-gaiactose and
2-Q-methy1-D-galactose.
in. .iTT" ■ *****
Chromatography in solvents D, F and G and ionophoresis showed
this fraction (0*014 g.), Rq 0*52 and 0*29» to be a mixture of
the above two sugars. These two sugars had greatly differing
mobilities in solvent system G. Periodate oxidation and chroma¬
tography showed a light pattern characteristic of 2,3-di-0-
methy1-D-galactose and a bright yellow spot.
25
Fraction (vi).
This fraction (0*012 g.) streaked in solvents D, E and F,
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the streak: was greyish in daylight and violet in u.v. light
(characteristic of inorganic ions). After treatment with
Amberlite resin IR 120 (H) it still did not give any clear picture
in solvent D, £ and A. Among other things this fraction probably
consists of traces of galactose, arabinose and rhamnose.
Methylation of whole gum.
The gum acid (20 g.) was dissolved in water (200 ml.) and
methylated in an atmosphere of nitrogen below 20°C. Methyl
sulphate (160 ml.) and sodium hydroxide solution (30/; 240 ml.)
were added dropwise with stirring over a period of about 8 hours
and continued stirring overnight. Four similar additions of
methyl sulphate and sodium hydroxide were made on four successive
days. Secondary-octyl alcohol was added occasionally to control
frothing. The reaction mixture was heated on a boiling water
bath for half an hour and the solid which separated was filtered
while hot. The residue was dissolved in water, dialysed in
running water till free of sulphate ions, concentrated under re¬
duced pressure and freeze-dried. (10-0 g.; OMe, 35*6/).
The filtrate too was dialysed till free of sulphate ions,
concentrated under reduced pressure and freeze-dried. (4-0 g.;
OMe, 17-4/0.
The methylated polysaccharide (10 g.) was dissolved in
water (300 ml.) and passed through a column of Amberlite resin
IR 120 (H) to remove sodium ions, treated with silver carbonate,
filtered, concentrated and freeze dried. Yield of silver salt -
12-0 g.
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The silver salt (12 g.) was dispersed in methyl iodide
(125 ml.) and methanol (50 ml.). The mixture was refluxed in a
dry flask fitted with a dry double walled condenser protected
by a calcium chloride tube. Silver oxide (15 g.) was added in
four, batches one at the start and one every fourth hour. The
residue was filtered and extracted repeatedly with hot chloroform.
The combined filtrate and extract were concentrated to a small
volume and the methylated gum was precipitated by addition of
excess light-petroleum (b.p. 60-80°). [9-5 g., ash 2*4^,
OMe, 38.0^ (corrected for ash)]
Two further Purdie methylations on this product did not
change the methoxyl content appreciably.
Attempted fractionation of the methylated gum.
The methylated gum was successively extracted by boiling
for about an hour with mixtures of light petroleum (b.p. 60-80°)
and chloroform, containing increasing amounts of chloroform.
Two main fractions of OMe contents 38and 39*0$ were
obtained with mixtures containing 75: ?5 and 70:30 v/v of light-
petroleum and chloroform respectively .
Another Purdie methylation of the fraction having OMe, 39»0^
did not increase the methoxyl content further.
Two further portions of gum (20 g. and 10 g.) were
methylated separately by Haworth's procedure as described above,
field 7 g. (lost some by accident) and 9-5 g. respectively.
OMe, 35*0# and 31 *4/6 respectively.
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These were separately converted to silver salts and methylated
with methyl iodide and silver oxide as described earlier.
Yield 5 g. and 7*5 g.
OMe, 2,8'7'fo and 37-3^.
The above two methylated gums after another treatment with
methyl iodide and silver oxide had methoxyl contents 39*3$ and
39*5> respectively.
These were now combined (12 g.) and methylated with methyl
iodide (180 ml.) and silver oxide (15 g.). The combined filtrate
and chloroform extracts were concentrated under reduced pressure
to about 100 ml. and the methylated polysaccharide was precipi¬
tated in two stages by addition of light petroleum (b.p. 60-80°)
300 ml. and then a further 100 ml.
Fraction I. 7-5 g., ash, 2«3^» OMe, 40*8^ (corrected for ash).
Fraction II. 3*5 g., OMe, 38*8^.
A further Purdie methylation on fraction I did not increase
its methoxyl value and hence it was taken to be the fully
methylated gum.
Hydrolysis of the methylated gum.
A trial hydrolysis was done on 50 mg. The gum was refluxed
with methanolic hydrochloric acid (2'/', 5 ml.) for 6 hours, treated
with Amberlite resin IK 43 (OH), evaporated to dryness and the
hydrolysis completed by refluxing for a further 6 hours with
0*5jj| hydrochloric acid. The solution wcs neutralised with
Amberlite resin IR 4B (OH) and taken to dryness. Chromatography
in solvents D and E showed mixtures containing at least ten
different methylated sugars.
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The rest of the methylated gum was dissolved in sulphuric
acid (2N, 200 ml.), left to stand at room temperature for 3 days,
diluted to double the volume with water and heated on a water-
bath, when slight precipitation occurred. Hence it was left to
stand at 40° for another 3 days, then at 80° overnight and
finally heated in a boiling water bath for 8 hours until rotation
became constant ([c]^ ca +32°). Only very slight precipitation
occurred. neutralisation of the solution was effected by addi¬
tion of saturated solution of barium hydroxide (0*44N) until the
pH of the solution was about 6, followed by addition of solid
barium carbonate. The solution was centrifuged, the precipitate
washed with water (thrice) and the filtrate and washings evapo¬
rated to a small volume (100 ml.). The solution was again
centrifuged to remove some barium suliJhate which was still
present, filtered and the filtrate was concentrated to a syrup
(5-7 g.).
Separation of ucidic and neutral methylated sugars.
The syrup was placed on a cellulose column (80 x 3*5 cm.)
by freeze-dr,ying it on to cellulose, and the column was eluted
with butan-l-ol saturated with water.
Ten fractions each of about 400 ml. were collected, evaporated
and examined chromatographically in solvents D and E, and were
found to be entirely neutral methylated sugars. Since nothing
more c^me off with this eluant, the column was washed with water.
The first 500 ml. was evaporated and examined chromatographically
in solvent D and S. No spots were visible on the chromatograms
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developed in the solvent D, showing the absence of neutral
sugars. A small amount of this syrup was deionised with
Amberlite resin IR 120 (H) and examined in solvent E. It
was streaky and seemed to contain at least four components,
but nothing could be detected in the region corresponding to
2,3,4-tri-O-methyl-D-gluouronic acid. The elution with w§ter
was continued until no more came off.
V<t. oi neutral methylated sugars = 3*40 g.
Wt. of acidic methylated sugars (as barium salts) =0-98 g.
Examination of neutral methylated sugars.
The neutral methylated sugars (3»40 g.) were separated by
chromatography on cellulose column (8-0 x 3*5 cm.). The column
was eluted successively with the lollowing solvents:
Light petroleum (b.p. - 100-120°): butan-l-ol (7:3, saturated
with water)
It II ; II II " ( 1: 1 » )
" " : " » " (1:2 " ).
Butan-l-ol half saturated with water and finally with water.
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22 water streak Pink 45 Acidic methylated sugars
Total weight recovered 3*145 g. (92*5/6).
examination ol the fractions.
Fraction 1. x.
This fraction (0*031 £•)» had the same chromatographic
mobility (Rq. 1*04) as 2,3,4-tri-O-methyl-L-rhamnose, but it had
55
[a]^ -22*2° (£, 0»45), whereas the above sugar has fojj) +24*0°.
Ohroaiatographic examination in solvent D of the products
after treatment with 0*lN-sodium hydroxide for 0*5 hr. showed a
brown spot (Rq 0*19) and a heavy pink spot (Rq 0*97). Hydrolysis
of a further sample (5 mg.) with N—hydrochloric acid fox" 2 hr. and
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chromatography in solvent E gave a similar pattern, the products
of acid hydrolysis were streaking in solvent D.
This fraction is most probably a methylated disaccharide.
Fraction 2. 2,3»5-Tri-Q-methy1-L-arabinose.
—* '■ " — -- - - — - -
i ii i ,j mi
This fraction (0-535 g.), % 0-99, [a]D -33*0°^ -41.0°(equil.)
(£, 0-49) gave a characteristic black stain with aniline oxalate
whiph appears red in u.v. light.
Paper chromatography in solvents D, F and G showed it to be
pure and identical to 2,3,5-tri-0-methy1-L-arabinose. It was
characterised by conversion to the crystalline amide of the
aldonic acid, recrystallised from ethyl acetate. m.p. and mixed
m.p. - 137-138° (with authentic sample melting at 129-130°).
Fraction 3. 2,3>5-Tri-O-methyl-h-ar%biaose (main)
213»4,6-1etra-Q-methyi-D-galactose and unknown.
Chromatography of this fraction (0*022 g.) in solvent D
showed two spots Rq. 0*99 and Rg 0*93* touching each other, in
solvent F it gave a black streak corresponding to the trimethyl-
arabinose and the top of the streak was pink. But chromatography
in solvent G showed two distinct 3pots, the pink spot corres¬
ponding to 2,3,4,6-tetra-0-methylgalactose separated well from
the black streak.
The syrup was separated into two fractions on thick paper
using solvent system G.
Subtraction a.
This fraction (0*007 g.) was chromatographically identical
to 2,3,4,o-tetra-O-methy1-D-galactose.
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An attempt to prepare the aniline derivative was not
successful, as the derivative failed to crystallise. The sugar
was recovered by treating the aniline derivative with Amberlite
resin IH 120 (H) for 0*5 hr., filtering and concentrating.
Demethyl&tion of this syrup gave galactose only.
Subfraction b.
Chromatography of this fraction (0*013 g.) in solvent D
indicated mainly 2,3,5-tri-Q-methylarabihose, but in solvent G
a trace of an unidentified sugar separated from above sugar.
This second component was not identical to 2,3,4-tri-0-methyl-,
2,4-di-0-methyl-, 2,5-di-0-methylarabinoses or to 3»4-di-0-
methylrhamnose. Hydrolysis of a sample (3 mg.) with N-hydro-
SS
chloric acid for 2 hours, did not change the chromatographic
pattern in solvents D and G.
Fraction 4. 2,5-Di-O-methyl-L-arabinose (main) and
small amounts of other sugars.
Chromatography of this fraction (0*128 g.) in solvents A, D,
G and I showed only one component (Hq. 0*86) which was black in
daylight and red in u.v. light, characteristic of methylated
arabinofuranoses. But chromatography in solvent F gave two
spots, a long black spot which in addition to di rue thy larabinose
seemed to contain dimethylrhamnose and a brown spot which had
the same speed as trimethylgalactose.
Paper ionophoresie gave two distinct spots one at the origin
and a pink spot 15*4 cm. from the origin.
The syrup was separated into thx*ee fractions on thick paper
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using solvent F.
Subfraction 4a and Subfraction 6a
0*004 g, and 0*006 g.
These fractions were chromatographically identical to 2,3,6-
tri-Q-methy1-D-galactose in different solvent systems.•mm *•*»
Subfraction 4b and Subfraction 6b.
0*034 g. and 0*007 g.
[a]j) -19*0°-» -6*0° [const.] [c, 0*33].
These fractions were chromatographically and ionophoretically
homogeneous and corresponded to 2,5-di-0-methyl-L-arabino3e. It
was characterised by conversion to the amide of the aldonic acid,
m.p. - 129-127°, mixed m.p. - 126-127° (with authentic sample of
2,5-di-0-methyi-L-arabinamide melting at 127-128°).
Subfraction 4o and subfraction 6c.
0*026 g. 0*016 g.
[a]B -23*0 [equil.J [£, 0*61]
Paper chromatography suggested these fractions to be a mix¬
ture of 3,4-dimethylrhamnose and dimethylarabinose. However
paper ionophoresis showed three spots corresponding to 2,5-di-0
dimethy1-L-arabinose, 3,4-di-O-methyl-L-rhamnose and 3,5-di-0-
methy1-L-arabinose. Demethylation of a sample gave arabinose
and rhamnose.
Fraction 9. Same sugars as Fraction 4 and 2,3,4-tri-0-methyl-
L-arabinose.
Paper chromatographic examination of this fraction (0*035 g.),
Rq 0*87 and 0*78, showed this to be a mixture of the above sugars.
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It was combined with fraction 6 for separation and farther
examination.
fraction 6. Same sugars as Fraction 5 and an unknown.
ChromatograiJhic examination in solvents A, D, F and G
showed this fraction (0*028 g.), fig, 0*80 and 0*74 to contain the
same sugars as the above fraction and in addition a component
with same chromatographic speed as 2,3»5-tri-0-methylarabinose
was also detected.
The combined syrup (63 mg.) of fractions 5 and 6 was sepa¬
rated into five fractions using solvent F.
Subtraction 6a 0*006 g. ) These three were examined
Subtraction 6b 0*007 g. ) with the corresponding
Subfraction 6c 0*016 g. ) fractions of 4.
Subtraction 6d.
This fraction (0*011 g.) [oOd +113*5° (c, 0*37) was chromato-
gra^hically pure and identical to 2, 3,4-tri-O-methy 1-L-arabinose.
The amide of the aldonic acid was prepared, but all attempts to
crystallise it were unsuccessful.
Subfraction 6e.
This fraction (3 mg.) was chromatographically identical to
2,3,5-tri-+0-me thy 1-L-arabinose in three solvent systems.
Fraction 7. 2,3,6-Tri-Q-methyl-D-galactose.
This fraction (0*034 g. ) > Rq 0*76, [c.]j} +10*0°—+ +83• 3°(equil.)
(c, 0*60) was chromatographically indistinguishable from 2,3.6-
tri-O-methy1-D-galactose in four different (A, D, F and G) solvent
systems. It was characterised by preparing the aldonolactone
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which crystallised on evaporation of the solvent and was re-
crystallised from ether as rossettes of needles.
m.p. - 97-98°, mixed m.p. - 98-99° (with authentic sample melting
at 98-99°).
traction 8. 2,3-M-0-methy 1-L-arabinose and tri-O-methy1-
' ■ 3T I.I I I. II ■■■ I .Ill I —M—MM— I HIM
galactoses.
Paper chromatography of this fraction (0*423 g.) Rq 0*73
and 0*61, +94*6°—»+115*0° (equil.) (jc, 0*30) in solvents A,
3, D, F and G suggested it to be a mixture of 2,3-dimethy1-
arabinose and trimethy1-galactose. But in none of these solvents
did these sugars separate well enough for a proper quantitative
fractionation. Paper ionophoresis gave no separation either,
it gave a spot 3 cm. above the starting line.
Demethylation gave galactose and arabinose (in the appro¬
ximate ratio of 2:1, visual estimation) and a trace of a mono-
methylgalactose.
Separation of the syrup (250 mg.) was attempted on a small
cellulose column using light petroleum (b.p, - 100-120°): butan-
l-ol (1:1) saturated with water as eluant. Two fractions were
collected.
(a) 0*143 &• (lost by accident).
This gave the same chromatographic pattern as the original
fraction and was therefore a mixture of the suspected sugars,
(b) This fraction (0*043 &.) was however chromatographically pure
and identioal to 2,3,4-tri-0-meth$l-D-galactose. It was charac-mm* SS
terised by preparing the aniline derivative m.p. and mixed m.p. -
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162-164° (with an authentic sample of 2,3,4-tri-0-methy1-N-
phenyl-D-galactosylamine).
The remaining syrup (160 mg.) was fractionated on 17MM
papers using solvent G. In this solvent a long streak was ob¬
tained and this streak was divided into three by visual guess.
Li]
This fraction (0*012 g.) was chromatographically identical
to 2,3»4-tri-0-methy1-D-galactose.
J?r. (ii)
This fraction (0*118 g.) was a mixture of both the com¬
ponents.
Fr. (iii)
This fraction (0*028 g.) [a]jj +86*4° (£, 0*55) was almost
pure chromatographically and was taken to be 2,3-dimethy1-
arabinose. The amide of the aldonic acid was prepared and
recrystallised twice from ethyl acetate.
m.^. - 147-149°; mixed m.p. - 142-144° (with authentic sample
of 2,3-di-Q-methy1-L-arabonamide melting at 153-154°).
Vapour phase chromatographic examination of a sample of
the original fraction after converting to the methyl glycosides
showed methyl-2,3-di-0-methy1-L-arabinoside (T, 1*57, 1*78 and 1*96
in system b), methy 1-2,3,4-tri-0-methy1-D-galactoside (T, 4*76
and 7*48 in system b) and methyl-2,3,6-tri-O-methyl-D-galactosideSS
(T, 3*27, 43*1 in system b).
Since the m.p. and mixed m.p. of the amide of the aldonic
acid of 2,3-dimethy1-arabinose, was not very satisfactory,
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attempts were made to obtain a purer sample of this sugar.
Amides of the aldonic acids of 2,3-di-Q-methyl-L-arabinose;
2,3,4-tri-0-methy1-D-galactose and 2,3,6-tri-0-methy1-D-galac-
tose were spotted on chromatograms and developed in solvents
B, D, E and I. The chromatograms after drying were sprayed
with a 0*2^ solution of ninhydrin and heated in the oven for 15
minutes. It was found that 2,3-dimethyl-arabons.mide and 2,3,4-
trimethy1-galactanamide had the same chromatographic speed in
these solvents, whereas 2,3,6-trimethy1-galactanamide did not
give a stain with ninhydrin and was therefore not located.
Trail chromatography of a synthetic mixture of the above
three sugars on paper impregnated with dimethyl sulphoxide using
dimethylsulphoxide in benzene (5$ v/v) as the mobile phase (68),
showed that 2,3-di-Q-methylarabinose can be obtained pure by this
method. Hence the syrup (30 mg.) was chromatographed on 3MM
filter sneets impregnated with dimethyl sulphoxide and after
development with the afeove solvent, side strips were cut, dried
in the oven for 5 min. and sprayed with aniline oxalate. The
section of the chromatogram corresponding to 2,3-di-0-methyl-
arabinose was cut out and placed in a vacuum desiccator over
water for aoout two days. The paper was then eluted with water
and the eluate taken to dryness. A thick oil smelling of
dimethylsulphoxide was obtained, which on chromatographic (paper
and vapour phase) examination was found to consist almost entirely
of 2,3-di-Q-methylarabinose, with a trace of trimethylgalactose.
The oil was treated with bromine and the resulting aldono-
l&ctone crystallised. The lactone was converted to the
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aldonamide, which crystallised on leaving in the desiccator,
m.p. 140-145°. After two recrystallisations from ethyl acetate
it had m.p. 154-155° and mixed m.p. (with authentic sample
153-154°) 153-154°.
Fraction 9. 2,3,4-Tri-O-methj1-D-galactose.
i II I ■111— II I 3BL— inn ■ I
This fraction (0*361 g.), Rg 0»68, [cl]d +136.0°-* + 109*0°
(e^uil.) (o, 0*40), was chromatographically pure and indistingui¬
shable from standard 2,3,4-tri-0-methyl-D-g&lacto3e, in solvent
systems A, D, F and G. It was characterised by preparing the
aniline derivative, which crystallised on taking to dryness and
was recrystallised from ethyl acetate. m.p. 168-169°. Mixed
m.p. 169-170° (with authentic sample melting at 161-162°).
Fraction 10. 2,3,4-Tri-Q-methy1-D-galactose (main)
3-0-methyl-L-rhamnose and unknown.
This fraction (0*055 £.), Rq 0*74 and 0*62, [c.]^ +57*0°
(c, 0.32) on paper chromatography in solvents D and F appeared to
be a mixture of 2,3,4-tri-0-methjlgalactose and 3-0-methylrhamnose.
But in solvent G a sugar having the same chromatographic speed
as 2,6-di-0-methylgalactose, but moving faster than 2,4-di-0-
methyigalactose was located. The stain which this sugar gave
with aniline oxalate suggested it to be the 2,3-isomer. However,
chromatography of the periodate oxidised product showed a yellow
spot (methoxymalonaldehyde) in addition to unchanged trimethyl-
galactose and spots characteristic of 3-0-methylrhamnose. Only
the 2,b-dimethylgalactose would give methoxymalonaldehyde on
periodate oxidation.
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A sample (3 nag.) was hydrolysed with N-sulphuric acid for
2 hours, chromatography of the hydrolysis product in solvent G
showed traces of two slower moving sugars (pink stains with
aniline oxalate) in addition to the three original sugars.
These traces could have been some demethylation products.
Fraction 11 and 12. 3-Q-Methyl-L-rhamnose and trace of
2,3»4-tri-0-methy1-D-galactose.
——— ■ nif*1*! in
These two fractions were combined after chromatographic
examination. 0*044 g. , Rq 0*62, [a]jj +49-0<i->+27*40 (equil.)
(c, 0-29).
Chromatography in solvents D and G showed a khaki spot with
a pink trail, but in solvent F these two separated well. Hence
this fraction was separated on thick paper using solvent F into
two compounds.
Subtraction a.
This fraction (0*006 g.) was chromatographically indistingui¬
shable from 2,3,4-tri-O-methyl-D-galactose in solvents D and F.
Subtraction b.
This component (0*029 g.), [<0D +27*4° (£, 0*32) was
chromatographically (paper and vapour phase) pure and indis¬
tinguishable from 3-0-methy1-L-rhamnose.
The syrup crystallised on seeding and leaving in a desiccator
m.p. - 114-118°. Recrystallised with difxiculty from methanol
ether. m.p. - 346-117°; mixed m.p. - 115-117°, (with authentic
3-0-methy1-L-rhamnose melting at 115-116°).
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Fraction 13. 2,6-Di-0-methyl-D-galactose (main) and
■■ - ■ - -- ■
i
2.3-di-Q-methyl-D-galactose.
Chromatography of this fraction (Q.094 g.), Rq. 0*54, [a]D +37»0°
—) +80«0° (equil.) (£, 0.38) in three solvent systems D, F and G
suggested the presence of a sugar having the same chromatographic
speed as 2,6- and 2,3-di-O-methylgalactoses. Paper ionophoresis
however showed it to be a mixture of the above two sugars, the
main one being 2,6-di-O-methylgalactose. Chromatography of the
periodate oxidised product gave a bright yellow spot (Rq. -0*24)
and traces of 2 grey and one pink spot, this is in agreement with
the ionophoresis results. The syrup crystallised on seeding
with a crystal of 2,6-di-O-methyl-D-galactose and leaving in the
desiccator, m.p. - 104-106°. Several attempts to recrystallise
were unsuccessful. The syrup (30 mg.) was converted to the
aniline derivative which crystallised on seeding with a crystal
of 2,6-di-O-methylN-pheny1-D-galactosylamine. Recrystallisedmm» <m» jsj5
from ethyl acetate m.p. and mixed m.p. - 115-117° (with authentic
sample of 2,6-di-Q-methy1-N-pheny1-D-galactosylamine). X-ray
powder diagram of this sample was found to differ from that of
2,3-di-0-methy1-N-pheny1-D-galactosylamine.
Fraction 14. 2,3-Di-O-methyl-O-galactose (main) and
———————- ~— . i
2.4-di-0-methy1-D-galactose.
This fraction (0*105 g.), had Rq 0*54 and [a]D +50*0°—»
+76*0° (equil.) (c, 0-40).
Demethylation gave only galactose. Chromatography in
solvents D and I gave no separation of the components in solvents
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F and G it separated into a long brown streak corresxjonding to
2.3- (or 2,6)-di-£-methylgalactose and a pink spot above this
streak corresponding to 2,4-di-0-methylgalactose.
Paper ionophoresis gave only one spot 2*2 cm. from the
origin, 2,6-di-Q-methylgalactose moved 5*3 cm. on the same paper.
Chromatography of the periodate oxidised product gave the
three spots characteristic of 2,3-di-0-methylgalactose, but
unchanged 2,4-di-0-atethylgalactose could not be detected.
The syrup was separated into two fractions on thick paper
using solvent system F.
Subfraction 14a.
This fraction (0-007 g.), [a]^ +62-5° (c, 0'16) was
chroma to graphically indistinguishable from 2,4-di-0-me thy 1-D-
galactose in solvents D and F.
The syrup crystallised and was recrystallised from ethyl
acetate, m.p, and mixed m.p. 89-91° (with authentic sample of
2.4-di-C-methy1-D-galactose).
Subfraction 14b.
This fraction (0-072 g.), [o.]]) +70-6° (c, 0-64) was
chromatographically and ionophoretically pure and identical to
standard 2,3-di-O-methyl-D-galactose. It was finally charac¬
terised by conversion to the aniline derivative which after
recrystallisation from ethyl acetate was coloured brown had
m.p. - 122-124°. After a second recrystallisation it had m.p.
and mixed m.p. - 124-126° (with authentic sample of 2,3-di-0-
methy1-N-pheny1-D-galactosylamine melting at 142-144 ). X-Ray
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powder photograph of the aniline derivative was identical to
that of an authentic sample.
fraction 15. 2,4-M-O-methyl-D-galactose.
■■■
This fraction (0*337 g.), 0*50 was crystalline and had
[a]D + 104.5—»+90.6° (equil.) [o, 0*29].
It was chromatographically pure and indistinguishable from
standard 2,4-di-0-methy1-D-galactose, in three different solvent
systems.
After recrystallisation from aqueous acetone it had an m.p,
88-94°. A small quantity of this was recrystallised from ethyl
acetate and had m.p. and mixed m.p. 103° (with authentic 2,4-di-O-
methy1-D-galactose).
sss
It was finally characterised by preparing the aniline
derivative which crystallised on evaporation of solvent. After
recrystallisation from ethyl acetate it had m.p. - mixed m.p.
215-216*5° (with authentic 2,4-di-0-methy1-N-pheny1-D-galactosy1-
amine melting at 2l2-214u).
fraction 16. 2,4-Di-O-methy1-D-galactose and rhamnose.
Chromatography of this fraction (0*268 g.), Rq 0*52 and 0*42,
in solvents D and F showed it to be a mixture of the above two
sugars.
This was fractionated on thick papex- using solvent F.
Subtraction 16a. Crystalline (0*205 &•)•
Chromatographically pure and identical to 2,4-di-0-methy1-D-
galactose. Recrystallised from ethyl acetate it had m.p. -




This fraction (0*026 g.) [c]^ +6•35 —>+12•7° [c, 0-63] was
chromatographically pure and identical to rh&mnose in solvents
A and D. Crystallised on seeding and was recrystallised from
a
aqueous acetone. m.p. 86-88 .
Fraction 17. 2-0-Methy 1-JD-galactose, traces of rhamnose and
an unknown.
Chromatography in solvents D, F and G showed this fraction
(0*037 g.) to be a mixture of 2-0-methy1galactose, rhamnose and a
third component which gave a pink stain with aniline oxalate and
was chromatographically faster than 2-methylgalactose in solvent
D and moved at the same rate as 2,4-dimethylgalactose in solvent F
The s^rup was separated into two subtractions on thick paper
using solvent F, irrigated for 88 hours.
Subtraction 17a.
This fraction (0*010 g.) was suspected to be a monomethyl-
ara'oinose. In solvent D it showed a component moving faster
than 2-0-methy1-L-arabinose. In solvents A dnd D it moved
faster than arabinose, ribose, xylose and lyxose.
Periodate oxidised 3-0-methy1-D-xylose gave a brown spot
(Hq 0*74) and a yellow spot (Rq 0*22), 4-0-methy1-D-xylose gave
a brown spot (Rq 0-83) on chromatographic examination in solvent
D. Since this fraction on periodate oxidation gave a grey spot
(Rq 0*74), the possibilities of it being a 3-0-methy1- or a 4-0-
me thy 1 pentose can be ruled out.
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Subtraction 17b. Crystalline (0*017 g.).
Chromatography in different solvents showed this fraction
to contain mostly 2-0-methy1-D-galactose with a trace of rhamnose.
Fraction 18. 2-0-Methy1-D-galactose and a trace of the
■ 11 ■ ■ ■■■ ...
above unknown (Fraction 17a).
This fraction (0*099 g.), Rq. Q*29» was crystalline and had
[a]D +78*2° [c, 0*42].
Chromatography in solvents D and F showed it to be mainly
2-0-methy1-D-galactose with a trace of the unknown (pink colour
with aniline oxalate) encountered in the previous fraction.
After two recrystallisations from aqueous acetone it had
m.p. and mixed in.p. - 153-155° (with authentic sample of 2-0-
methy 1-D-galactose melting at 157°).
Fraction 19 and 20. 2-0-Methy1-D-galactose.
Combined after preliminary chromatographic examination.
This fraction (0*427 g.)» Rq. 0*30, was crystalline and had
[a]D +40-5—* +85*0° (equil.) [£, 0*49]. It gave a brown stain
with aniline oxalate which was flourescent in u.v. light.
It was chromatographically pure and indistinguishable from
2-0-meth^1-D-galactose, in three different solvent systems.
After recrystallisation from aqueous acetone it had m.p. - 154-
155° and mixed m.p. - 155-156"; (with authentic sample of 2-0-
methy 1-D-galactose melting at 157°).
Fraction 21. 2,3,4-Tri-O-aethy1-D-galacturonic acid
(3?)-0-methy1-D-galactose, galactose and arabinose.
This fraction (0*097 g.)» Rg 0*12, was partially crystalline,
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but the greasy crystals could not be separated from the adhering
oil.
Paper chromatographic examination in solvents A, D, P and G
was not very satisfactory due to streaking, but gave indications
for the presence of at least the last three mentioned sugars.
In solvent E a component (pink stain with aniline oxalate) separ¬
ated well from the others, but the three neutral sugars were
overlapping. However chromatography in solvent B gave a clear
picture, it showed four well separated spots, the acidic com¬
ponent was very much faster than the other three.
The syrup was separated into four subfractions on thick
paper using solvent B.
Subtraction 21b.
Chromatography of this fraction (0*012 g.) showed arabinose
and a trace of 3-0-methy1-D-galactose.
Subfraction 21a. (0*007 g.).
Chrbmatographically indistinguishable from galactose.
Subfraction 21c. (0*013 &•)
Ghromatographically indistinguishable from 3-0-methy1-D-
galactose. Chromatography of the periodate oxidised product
gave a pink spot (Eq 0*40), [mono-methyl pentose]. The syrup
was seeded and left in a desiccator, but failed to crystallise.
AL1 attempts to crystallise it from a solvent were also unsuccess¬
ful.
Subfraction ?ld.
This fraction (0*010 g.) which was obviously an acidic
component, was converted to the methyl ester methyl glycosides
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with dry methanolic hydrochloric acid, reduced with lithium
aluminium hydride in tetrahydrofuran and hydrolysed with hydro¬
chloric acid. Chromatographic examination of the product in
solvent D showed 2 spots, a heavy pink/brown spot (Rq 0*66) cor¬
responding to 2,3»4-tri-0-methy1-D-galactose and a weak pink
spot (Rq 0*38). This second 3pot did not show up in solvents E
and B, hence this is probably due to unreduced 2,3»4-tri-0-methy1-
D-galacturonic acid which would move at the same speed as 2,3>4-sss
tri-O-methy 1galactose in these two solvents.
Fraction 22. Acidic methylated sugars.
This fraction (0*045 g*) obtained by water elation was com¬
pletely free of neutral methylated sugars and was therefore
combined with the bulk of the acidic methylated sugars for further
examination.
Examination of the acidic methylated sugars.
The barium salts of the acidic methylated sugars obtained
from the preliminary separation together with fraction 22 (1*025
g.) was dissolved in water and treated with Amberlite resin
IR 120 (H). The brown syrup obtained on concentration was re-
fluxed with 2i° methanolic hydrochloric acid (150 ml.) for 6 hr.,
neutralised with silver carbonate and concentrated to a syrup.
The product was dissolved in anhydrous tetrahydrofuran, lithium
aluminium hydride added, the mixture refluxed for one hour, more
lithium aluminium hydride added and refluxed for a further hour.
Excess hydride was destroyed by addition of ethyl acetate and
The solution was
water alternatively. /filtered and the residue EK repeatedly
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extracted with hot acetone and chloroform. The combined extracts
and filtrate were taken to dryness and the product was extracted
with dry chloroform and again concentrated to a syrup (0«870 g. ).
The reduced material was hydrolysed with N-hydrochloric acid
(100 ml.) at 100° for 6 hr. , neutralised with silver carbonate
and concentrated to a syrup (0*760 g.).
This mixture of methylated sugars was separated into seven
fractions by chromatography on a cellulose column (45 x 2*5 cm.)
using light petroleum (b.p. - 100-120°)-butan-l-ol (7:3, then
1:1) both saturated with water and finally butan-l-ol half
saturated with water as eluants.
Frac¬
tion Tubes RG Colour
Wt. in
mg. Contents
1 71-100 0' 75 Pink/brown 17-4 2,3,4-tri-0-methy1-D-
galactose s












5 178-228 0*52 Pink/brown 180«2 2,3-di-0-methy1-D-galactosemam mam















This fraction (0-017 g.), Rg 0-75, [c]D +68-0-^+100-4°
(equil.) [cj, 0-26], was paper chromatographically pure and in¬
distinguishable from 2,3»4-tri-0-methyl-I)-galactose in solvents
D, F and G. It was characterised by conversion to its aniline
derivative which after recrystallisation from ethyl acetate had
m.p. and mixed m.p. - 168° (with authentic sample melting at
161-2°).
Fraction 2. 2,3-Di-O-inethyl-D-glucose , 3-0-methy 1-L-rhamnose
TT i "rf , "**, ——„ M ,i
and a trace of 2,3,4-tri-0-methy1-D-galactose.
This fraction (0-104 g.), R^ 6'75 and 0-66, had [a]0 +33*5°—►
+39-4° (equil.) [o, 1-01].
Paper chromatography in solvents D and G showed only two
components with chromatographic speeds the same as trimethyl-
galactose and mono-methylrhamnose. In solvent F it separated into
three components, two of them close to each other and having the
same speed as mono-methylrhamnose and di-O-methylglucose, the
third, which was very light, corresponded to 2,3»4-trimethyl-
galactose and separated well from the above two. Paper iono-
phoresis showed two components having the same mobility as 3-0-
methy lrhamnose and 2,3-di-O-methyIglucose.
Chromatographic examination of the products obtained on
periodate oxidation of the original syrup and on periodate
oxidation of the borohydride reduced syrup, gave indications
that this fraction consists of the above mentioned sugars. The
chromatographic patterns were compared with those of periodate
oxidised authentic samples of these sugars and other suspected
sugars such as 3,4-di-Q-methyl-D-manno3e (which would give the
same products as 3,4-di-0-methyl-I)-gluco3e).
This fraction was separated on thick paper using solvent F
into 3 components, No attempts were made to collect the trimethyl-
galactose which was a minor component as the paper had to he
irrigated ior a long time to get a good separation of the major
components and by that time the trimethylgalactose had run off
the paper.
Subtraction a.
This fraction (0036 g.), [c,]^ +32*2° (c, 0*30), was
chromatographically pure and identical to 3-0-methy1-L-rhamnose,
crystallised after long time in the desiccator m.p. 108-114°.
Subtraction b.
Paper chromatography showed this fraction (0*021 g.) to be
a mixture of 2,3-di-O-methyl-D-glucose and 3-0-methy1-L-rhamnose.
Subtraction c.
This fraction (0*031 £•) was partially crystalline and had
[o]D +13*0—* +17*3° (equil.) [c, 0*69].
Periodate oxidation gave the same product as authentic 2,3-
dimethylgalactose. It was finally characterised by preparing
the phenyl hydrazide of the aldonic acid.
The lactone of the aldonic acid of the methylated sugar was
prepared in the usual manner. To the partially crystalline
lactone an equimolar portion of redistilled phenylhydrazine was
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added and the mixture heated on boiling water bath for one hour.
Sxcess phenylhydrazine was removed by ether extraction and the
residue was recrystallised from ethyl alcohol. m.p. and mixed
m.p. - 173-175° (with derivative prepared from an authentic
sample of 2,3-di-0-methy1-D-glucose which had a m.p. of 174-175°).
fraction 3. 3-0-Methy1-L-rhamnose.
This fraction (0-037 g.), Rq. 0-66, [a]D + 10* 0—>+34 *6° (equil.)
(£, 0*41)» was indistinguishable from 3-0-methylrhamnose in three
different solvent systems. The syrup crystallised on standing
in an ice box m.p. - 108-114°. Recrystallised from methanol-
ether with difficulty it had m.p. and mixed m.p. - 106-108° (with
authentic sample of 3-0-methy1-L-rhamnose melting at 115-116°).
ss
The X-ray powder diagram was identical with that of the authentic
sample.
Fraction 4. 3-0-Methy1-L-rhamnose (main) and
2,3-di-0-methy1-D-galactose.
This fraction (0-030 g.), had R(j 0-60 and 0-51 and [cl]d +41-5°
[c, 0-39].
Paper chromatography in solvents D and F gave a poor separa¬
tion, but in solvent G the separation was better and the components
corresponded to 3-0-methyIrhamnose and 2,3- or 2,6-dimethylgalactose.
Demethylation gave rhamnose, galactose and traces of 2- and
3-monomethylgalactoses.
Periodate oxidation and chromatographic examination gave
evidence for the presence of 3-^-methy 1-L-rhamnose and 2,3-di->0-
methy1-D-galactose. No methoxymalondialdehyde was detected,
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thus showing the absence of 2,6-di-0-methyl-I)-galactose.
Fraction 5. 2,3-Di-O-methy1-D-galactose.
This fraction (0.180 g.), fiG 0*52 and [c.]D +85*0°
[0, 0-57].
Paper chromatography in solvent system D, F and G showed it
to be either 2,3- or 2,6-di-nethyIgalactose. Paper ionophoresis
showed a single spot 3*4 cm. from the origin, standard 2,3-di-0-
methylgalactose moved 3-6 om. on the same paper. Periodate
oxidation and chromatographic examination of the products con¬
firmed the above observation, giving the characteristic pattern
of 2,3-hi-O-me thy lgalactose. It was finally characterised by
preparing the aniline derivative, which on recrystallisation
from ethyl acetate gave colourless short needles of m.p. -
133-135° and mixed m.p. - 131-132° (with authentic sample of
2,3-di-O-methyl-F-phenyl-D-galactosylamine of m.p. - 135-137°).
Fraction 6. 2,3-Di-O-methy1-D-galactose,
2,4-di-O-methyl-P-galactose and rhamnose.
This fraction (0-097 g.), had Rq 0*51 and 0-40 and [t]p +35*7°
—» +55-7° (equil.) [o, 0-50].
Paper chromatography in solvents D and G showed two com¬
ponents corresponding to rhamnose and dimethylgalactose. In
solvent F it separated into a khaki spot (rhamnose) and two other
spots close to each other and of different colour (pink and brown);
these had the 3&me speed as 2,4- and 2,3-di-0-methylgalactoses
respectively.
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The mixture was separated on thick paper using solvent F
into three fractions.
Subfraction a.
Thi3 was fraction (0*018 g.), chromatographically pure and
identical to rhamnose in solvents A and D. The syrup crystal¬
lised and was recrystallised from aqueous acetone. m.p. -
90-92°.
Subtraction b. Crystalline.
This fraction (0*014 g.) was chromatographically pure and
identical to 2,4-di-0-methyl-J3-galactose. The crystals melted
in the range 82-85°.
Subtraction o.
Paper chromatography showed this fraction (0*028 g.) to be
mainly 2,3-di-0-methyl-D-galactose with a trace of 2,4-dimethy1-
galaotose.
Chromatographic examination of the periodate oxidised
product gave the pattern characteristic of 2,3-*dime thy Igalactose.
It was finally characterised by preparing the aniline derivative,
which crystallised after two months and was recrystallised from
ethyl acetate m.p. 110-112°(?).
fraction 7. An unknown and 2-0-methy1-B-galactose.
This fraction (0*059 g.). Rq. 0*50 and 0*35» had [a]^ +76*0°
[c, 0*20].
Paper chromatography in solvent D showed a component moving
slightly faster than 2-0-methyIgalactose and a pink unidentified
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spot. In solvents F and G the pink spot had the same speed as
2,4-dimethylgalactose. This spot did not correspond to either
4- or 3-0-methy1glucose. Periodate oxidation gave a yellow
spot (raethoxymalondialdehyde). Deme thy lat ion gave a trace of























FRACTIONATION OF POLYSACCHARIDE ON DEAE CELLULOSE (ex.pa.ri menV I ).
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DEAB-cellulose column chromatography.
^xyeriment I. (With polysaccharide uronie anhydride 13-9/')»
The purified polysaccharide (600 mg.) was dissolved in
water (20 ml.), run on to the "DEAE-cellulose column (40 x 2 cm.)
and left to stand overnight.
The column was first eluted successively with
a) 0-025M (500 ml.) b) 0-Q5|| (500 ml.)
c) (500 ml.) d) 0-25M (500 ml.)
of sodium dihydrogen phoapnate buffer pH 6. Any remaining
polysaccharide w-a finally eluted by gradient elution with
sodium hydroxide (0-0*3M, 2 litres).
Fractions (20 ml.) were collected every half hour and the
amount of polysaccharide present in the fractions was determined
by the phenol-sulphuric acid method, using a calibration curve
based on tne polysaccharide.
The curve obtained by plotting the polysaccharide con¬
centration in each fraction against the fraction number is
shown in fig.l.
The uronic acid content of the fractions (given below)
were determined by the oarbazole method using a calibration
curve based cn galacturonic acid.
Fraction No. 53 59 70 76 77 79
io Uronic anhydride 11*0 11*1 12-4 16*3 17*9 16*8
Fractions were bulked as indicated in table 5» reduced in
volume, dialysed, treated with Amberlite resins IE 120 (H) and
IE 4 3(0H), and freeze dried. The yield estimated by the
phenol-sulphuric acid method and actually isolated, specific
rotation and uronic anhydride content of the fractions are
given in table 5. Values for the original polysaccharide are
also included.
fraction Tubes












I 52-74 173 156 11-5 10-3 -2.2+2 (c,0»92)
II 75-84 390 354 17.0 15-9 -9+2 (£,1-03)
Polj sac¬
charide
- - - 16 • 5 13-9 -9*8°(C,1.01)
Table 5.
These fractions (I and II) were hydrolysed with 0-5N-SB
sulphuric acid lor 2 hr. ana 4 hr., worked up in the usual way
and examined chromatographically. Both fractions gave galac¬
tose, arabinose, rhamnose and 1,6-galactobiose, no other oligo¬
saccharides could be detected. The s„rupe were placed on
charcoal in a sintered glass crucible and elated first with
water (300 ml.) and then with aqueous ethanol (10;% 300 ml.).
The eluates were concentrated and examined ohromatographically
in solvents A and 3. The water eluate in both oases had
galactose, arabinoae, rhuanose, 1,3-gulactos„larabinose (trace)





















FRACTIONATION OF POLYSACCHARIDE ON DEAE CELLULOSE (<s * P<s ri men* 2 ).
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of which gave pink stains with aniline oxalate. The ethanol
eluates in both cases had mainly 1,6-galactobiose together
with some 1,3-fjnlactosylarabinose.
Hydrolysis with N-sulphuric acid for 8 hr. at 100°
followed b^ chromatography of the products in solvent A (5
days) and then in solvent B (2 days) showed the presence of
2-0-&lucuronosylgalactose in both the fractions.
Experiment II. (With polysaccharide uronic anhydride 15*8$).
The polysaccharide (300 mg.) was used in this experiment.
The procedure was exactly the same as in experiment I, except
that the anthrone colorimetric method was used to determine the
amounts of polysaccharide in the fractions.
The curve obtained is shown in Fig.2 and the results are
tabulated below.
Fraction No. 13 15 91 92 95 97 145 147
$ Uronic anhydride 0 0 13*2 13*6 13-8 13*4 16-5 17*2
(oarbaziae method)
Fraction Tubes














I 7-21 19-7 20-0 0 n.d +12+2 (c,0-68)
II 89-108 203-2 160-2 13-5 15-3 -17+1 (c,0-96)





- 13-6 15-2 -15-9°(c,3-98)
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Hydrolysis of fraction I with 0-5N-sulphuric acid for 2 hr.
and with 2N-sulyhuric acid for 4 hr. gave galactose and arabinose
only.
Hydrolysis of fraction II with 2N-sulphuric acid for 4 hr.
gave galactose, arabinose, rhamnose, 1,6-galactobiose, 2-0-
galacturonosylrhamnose and 6-0-glucurono3jlgalactose.
Hydrolysis of fraction III with N-sulphuric acid lor 6 hr.
and with 2N-sulphuric acid for 4 hr. gave galactose, arabinose,
1,6-galactobiose, 2-0-galacturonosylrhamnose and 6-0-glucuronosyl-
g&lactose (slight trace).
Experiment III. (Large scale fractionation of the poly¬
saccharide used in experiment II).
The polysaccharide (2 g.) dissolved in water (25 ml.) was
run on to a DEAU-cellulose column (70 x 3.5 cm.), and allowed
to soak in overnight.
The column was eluted successively with the following:
a) Q-025M sodium dihydrogen phosphate buffer pH 6 (1*7 1.)
b) 0*25M sodium dihydrogen phosphate buffer pH 6 (2 1.)
c) 0«30M sodium hydroxide (1 1.).
The eluant was changed after making sure, by testing a
few ml. of the eluate with phenol-sulphuric acid, that no more
polysaccharide was coming off with the preceding eluant.
The eluates were collected separately and an estimate of
the amount of polysaccharide in each eluate was obtained by
the phenol-sulphpric acid method.
To isolate the polysaccharides, the eluates were evaporated
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to a small volume and dialysed against tap water for ten days.
A precipitate wa's formed in the dialysis bag, which on
removal by centrifuging and hydrolysing gave traces of glucose
and amino acid (detected on paper chromatogram using a solu¬
tion of ninh^drin for spraying). It dissolved easily in
dilute nitric acid and gave a bright yellow precipitate with
ammonium molybdate indicating that most of it was inorganic
phosphate.
She centriiugates were passed through columns of Amberlite
resins IE 45 and IR 120, concentrated to a small volume and
freeze dried. The polysaccharides thus obtained were found
to contain a lot of extraneous matter, mostly inorganic phos¬
phate. Hence these fractions were again dissolved in water
and dialysed against distilled water (changed every 24 hr. and
kept stirred ail the time) for five days. The dialysates,
wnich now gave a negative test for phosphates, were then
freeze dried. However, nothing was obtained irom eluate (a).
A second lot (2 g.) of the same polysaccharide was frac¬
tionated in a similar manner, on the same DRAS-cellulose
column after regenerating it to the phosphate form.



























































Examination of the fractions.
Fraction I.
A sample w&3 hydrolysed with 0*5N-sulphuric acid for 1 hr.
535
and pz'oducts examined chroma tographically in solvents A and B.
Galactose, arubinose and a small amount of xylose were detected
in both solvent systems. In the acid solvent a sugar moving
between galactose and arabinose and giving a yellow stain with
spray reagent I was also detected.
Hydrolysis with N-sulphuric acid for 3 hr. gave 1,6-
S3:
galactobiose in addition to the above mentioned sugars, but
no aldobiouronic acids were detected.
Fraction II.
On hydrolysis with N-sulphuric acid for 8 hr. followed
S3?
by chromatography in solvent A, galactose, arabinose, rhamnose,
1,6-galactobiose, and 1,3-galactosjlarabinose (trace) were
detected. Chromatography of the products in solvent A (5
days) followed by solvent B (2 days) showed the presence of
2-0-galacturonosylrhamnose, o-O-glucuronosylgalactose and a
trace of an unidentified sugar (Rrja]_A 0*60 solvent B) which
gives a brown stain appearing black in u.v. light with spray
reagent I.
The polysaccharide (300 mg.) was methylated by 3ix addi¬
tions of methyl sulphate (2 ml.) and sodium hydroxide (30^, 5
ml.) in an atmosphere of nitrogen and at low temperatures.
After heating the reaction mixture for half an hour on a boil¬
ing water bath, it was extracted with chloroform. The chloro¬
form extract was dried, concentrated to a small volume ana the
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methylated polysaccharide (302 rag.) precipitated by addition
of light petroleum (b.p. 100-120°). The partially methylated
polysaccharide was subjected to three treatments with methyl
iodide and silver oxide. The methylated polysaccharide (102
rag.) recovered had QMe, 39*6$ and showed a very small hydroxyl
peak in the I.R absorption spectra.
Another treatment with the above reagents gave the fully
methylated polysaccharide (72 mg. , QMe, 40*6$) which was
methanol,- sed and the products were examined by vapoui* phase
chromatography. The results are compared (see below) with
those obtained from fraction III.
Fraction III.
Hydrolysis of this fraction with N-sulphuric acid for
8 hr. gave the same sugars (neutral and acidic) as fraction II,
except that the unidentified sugar (RQa]_p 0-60 solvent 3) was
absent in this case.
The poly saccharide (250 mg.) was methylated as above.
After six treatments with methyl sulphate and sodium hydroxide,
the partially methylated polysaccharide (259 mg.) was recovered
and treated thrice with methyl iodide and silver oxide. The
methylated poly saccharide (15 rag.) which gave negligible
hydroxyl peak in the I.R absorption spectra, was methanolysed
and examined by vapour phase chromatography.
Vapour phase chromatographic examination oi the methanolysed
products of methylated fractions II and III.
These products examined in all three systems gave identical
patterns, indicating that the components ^resent in both cases
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were the same. However, there were slight differences in the
proportion of the components present as indicated by the
height of the peaks. The moat obvious difference in proportion
was in that of 2,3»5-tri-O-methyl-L-arabinose which was present" in 35
in a comparatively small amount in fraction III. It is very
probable that thi3 difference in proportion is mainly due to
the loss of the very volatile methy1-2,3,5-tri-0-methy1-L-
arabinoside during the working up of the methanolysis products.
It is not possible to interpret unambiguously the com¬
plicated patterns obtained. Since we already have an idea of
the possible methylated sugars present, from studies on
methylated whole gum, we can assign the major peaks with fair
accuracy. The following table gives the T values of the
methyl glycosides of the methylated sugars present. When a
T value corresponds to more than one methyl glycoside it is
given within parenthesis.
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f " 1 ~
Methyl glycosides of
F —
T in system b T in system c
2,3,5-Tri-O-me thy1-jL-arabinose 0- 55 & (0-72) 0- 47 & (0- 59)
2,3,4-tri-O-methy1-L-arabinose (1-02) (0-84)
2,3-di-0-methy l-_L-arabinose 1-56 & 1-78 0- 64-0- 65 &
(0* 84)
2,5-di-0-methy1-L-arabinose - 0-71 & (1-03)
3,4-di-O-meth./ l-L-rh&mnose
25
(0.72)4(1. 02) (0- 59)
3-0-me thy1-L-rhamno se 3-63 4 5-38 (1-03)
2,3,4,6-tetra-Q-methy 1-D-galactose 1-80(3) 1-52-1-53 & •
(1-62)









Unknown I 2-53 & (3-26) -
Unknown II 0- 4b -
Unknown III — . 2-52,3-24 &
(3-74)
When T is not of a peak, but that of a shoulder on a peak it is
denoted by a *(3)' after the value.
All the methylated sugars except those asterisked, were
isolated and identified from the hydrolysis products of
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methylated whole gum. The T's of the unknowns I and II cor¬
responds to those of methyl-2,3»4-tri-G-methyl-D-gluoaronic acid•«*» sss
and of methyl-2,3»4-tri-0-methyl-L-rhamnoside (and/or) methyl-
sac
2,3»4-tri-0-methyl-D-xyloside respectively. None of thesemmm mgm
sugars were detected in the hydrolysis products of methylated
whole gum. While unknown III is most probably methy1-2,3-di-
Q-methy1-D-galactoside, which however has been isolated and* 25
characterised from the methylated whole gum.
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Smith degradation on the reduced gum.
Acetjlatlon oi the gum acid.
The gum acid (20 g.) dried in a vacuum oven at 40-50° over
sodium hydroxide was dispersed in iormamide (250 ml.) by
stirring at 45-50°. Pyridine (135 ml.) was added slowly over
a period of half an hour, with vigorous stirring. The reac¬
tion mixture was cooled to 30° and acetic anhydride (50 ml.) was
added with stirring over a period of one and a half hours. A
second portion of acetic anhydride (50 ml.) was added likewise
and tne reaction mixture was allowed to stand overnight at room
temperature. Next day a further portion of acetic anhydride
(20 mi.) was added and stirring dESK continued for one
hour. The mixture was poured into water (1*5 1.) containing
concentrated hydrochloric acid (20 ml.) and crushed ice. After
stirring lor half an hour, the precipitate was filtered and
washed with hydrochloric acid (0*5/0 followed by water. The
precipitate was resuspended in water, allowed to stand over¬
night, filtered and dried in a vacuum oven at 30-50° over
sodium hydroxide for four days (31*0 g.).
Reduction oi the gum acetate with diborane.
The gum acetate (31 g.) was completely dissolved in 1,2-
dimethoxyethane (400 ml.) which had been dried over sodium and
then distilled from lithium aluminium hydride. Sodium boro-
hydride (8 g.) was added with stirring, it did not dissolve
completely. To the mixture, boron triiluoride etnerate (60 g.
in 100 ml. of 1,2-dimethoXymethane) was added in portions
(15 ml.) every 10 min. After each addition the flask was
stoppered with a rubber bung and diaken by hand, gently at first
and then vigorously to break up any gel formed. On the first
addition of boron trifluorlde the whole mixture solidified, hence
more 1,2-dimethoxyethane (200 ml.) was added. At the end of
the additions, the flask was stoppered and allowed to stand
overnight. The mixture was then poured into ice and water
(1 1.) and neutralised with dilute sodium hydroxide. Chloro¬
form was added and the resulting emulsion was concentrated to a
thick syrup. The s,.rup was taken up in sodium hydroxide (300
ml., O'lN), the pH of the solution adjusted to 9 by addition of
strong alkali and warmed for half an hour at 50-60°. The reac¬
tion mixture was dialysed first against running tap water lor
three days, followed by changes of distilled water for two days.
The dialysed solution was filtered, to remove some precipitate
formed in the dialysis bag, and the filtrate was concentrated
to a thick s^rup. This syrup was poured into a stirred mixture
of ethanol (750 ml.) and ether (250 ml.) and the white precipi¬
tate was filtered, washed with acetone and dried. The gum was
redissolved in water, treated with Amberlite resins IR 120 (H)
and IR 45 (OH) concentrated to a small volume and freeze dried.
The reduced gum (15 &. ) had a uronic anhydride content of only
1*4whereas tne original gum acid had a uronic anhydride con¬
tent of 13*9$.
A small sample of the reduced gum was hydrolysed with N-
sulphuric acid for 8 hr. at 100°. Paper chromatography of the
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products in different solvent systems showed the presence of
only a trace of acidic material (identical to 2-Q-D-galact-
"mmm 3S
uronosy1-L-rhamnose). However, it was not possible to detect
mSm
any glucose among the hydrolysis products. This is not
surprising, since on heavy spotting the galactose was streaking
and would have masked the small amount of glucose present.
Trial Smith degradation.
The reduced gum (1 g.) was dissolved in water (20 ml.)
freshly prepared sodium metaperiodate solution (7£ml., 0*1884N)
was added and the solution was made up to 100 ml. In another
flask 75 ml. of the same periodate solution was diluted to 100
ml. with distilled water. In a third fla3k 75 ml. of the
periodate solution was treated with excess ethylene glycol and
the mixture diluted to 100 ml. to give a sodium iodate solution
of the same molarity as the above two solutions. All the
three solutions were shaken and kept in the dark at room
temperature.
After certain intervals of time a 1 ml. aliquot was removed
from eacn solution, diluted 2500 times and the optical density
of the resulting solution measured in the Unicam spectrophoto¬
meter at 222*5 sue (99). From these results the consumption of
periodate per sugar unit after various intervals of time3 were
calculated. The results are tabulated below.
Time (hr.) 4 11 24
Holes of periodate 0-73 0-75 0-76
consumed/sugar unit
- 154 -
After 30 hr. the oxidation was stopped by addition of
ethylene glycol (2 ml.) and the solution was dialysed against
tap water for three dajs. The dialysate was concentrated to
a small volume (25 ml.), potassium borohydride (200 mg.) was
added and the solution was allowed to stand for six hours.
At the end of this period, a further portion (200 mg.) of potas¬
sium borohydride was added and the solution was allowed to stand
overnight at room temperature. The solution was treated with
Amberllte resins IR 120 (H) and IR 45 (OH), concentrated to a
syrup, methanol was added and the solution taken to dryness.
The residue was dissolved in N-sulphuric acid and allowed
to stand at room temperature. After 3 hr. the solution was
neutralised by addition of barium hydroxide followed by barium
carbonate. The neutralised solution was treated with Amber-
lite resin IR 120, and concentrated to a small volume. The
degraded gum (50 mg.), precipitated by pouring the concentrated
solution into excess ethanol, was centrifuged off and washed
repeatedly with ethanol and finally with methanol. The combined
centriiugate and washings were taken to dryness to give the low
molecular weight material (331 mg.).
On chromatographic examination in solvent A and B, using
spray reagents I and II this material was found to contain
glycerol, threitoi( and/or erythritol) and other glycitols, but
no free reducing sugars were detected on paper. However, on
hydrolysis with N-sulphuric aoid ior 6 hr. this material yielded
ss
galactose, arabinose and rhamnose, in addition to the above
sugar alcohols,
A sample of the degraded gum (see above) on partial
hydrolysis with 0*5N-sulphuric acid for half an hour at 100°
gave galactose, arabinose, rh&mnose, 1,6-galactobiose and an
unidentified non-reducing sugar (Rgxy 0*91, in solvent B), but
no glycerol, threitol or other sugar alcohols were detected in
this partial ftydrolysate.
Large Scale Smith degradation.
The reduced gum (14 g.) was dissolved in water (500 ml.),
sodium periodate solution (45 g. in 500 ml.) was added and the
mixture was shaken and allowed to stand in the dark at room
temperature. The change in periodate concentration was followed
spectrophotometrically, and no further uptake of the oxidant
was observed after 26 hours. At the end of 36 hr. excess
periodate was destroyed by addition of ethylene glycol and the
reaction mixture was dial^sed against tap water for three days.
The dialysate was concentrated to a small volume and
reduction to the polualcohol effected b., addition of potassium
borohjdriue (3 £• ) a*id leaving the mixture at room temperature
for two days. The solution was treated with Amberlite resins
IR 120 and IR 45, concentrated to a small volume and poured into
excess ethanol containing 5$ light petroleum. The polyalcoaol
separated in a colloidal iorm and could not be isolated. Hence
the solution was taken to dryness and the residue was repeatedly
evaporated with methanol to remove borate ions.
The polyalcohol (10*5 g.) thus obtained was dissolved in
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N-sulphuric acid (150 ml.) and allowed to stand at room tempera¬
ture. The hydrolysis was followed by observing the change of
optical rotation (c).
Time (hr.) 0123
c. (in a 0-5 dm. tube) -0-50° -0-45° -0*41° -0-40°
The hydrolysis was stopped after 3 hr. by neutralisation
with barium hydroxide and barium carbonate. The neutralised
solution was filtered, treated with Amberlite resin IR 120,
concentrated to a small volume and ^ured into excess ethanol.
The degraded polysaccharide separated on adding a few crystals
of ammonium acetate. The degraded polysaccharide III, was
removed on the centrifuge, washed with ethanol and dried (0*818 g
A Sxmall sample of this degx-aded poly sacchai'ide on hydrolysis
with 0*5f*-sulphuric acid gave galactose, arabinose, 1,6-galacto-
biose and an unidentified reducing sugar (Rj^a 1-10 in solvent A)
but no sugar alcohols were detected in the acid hydrolysate.
The centrifugate and alcohol washings were taken to dryness
to give the low molecular weight materials (8*7 g.).
Examination of the low molecular weight materials.
Chromatographic examination revealed it to have exactly
the same components as the corresponding mixture obtained in the
trial experiment described eax*lier.
An attempt was made to remove most of the glycerol and
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threitol by extracting the mixture with dry acetone.
The acetone soluble traction (1*7 g.) by chrom&tographic
examination in solvents A, 3, H and I was found to contain
almost entirely glycerol, threitol and glycollic aldehyde, with
traces oi rhamnose and two unidentified reducing sugars.
Hydrolysis of a small sample gave traces of galactose and ara-
binose. Another sample on reduction with potassium borohydride
followed by hydrolysis gave galactose, arabinose, rhamnose,
threitol and two unidentified components.
The rest of the acetone soluble fraction was placed on a
charcoal-Celite column (45 x 2 cm.) and eluted with water,
followed by 20;o ethanol and finally with 40;' ethanol. The
following fractions were collected.
fraction Eluant Wt. in mg. Contents
S1 Water 1253 Glycerol, threitol, gl^collic
aldehyde and traces oi arabinose
and rhamnose
S2 water 43 Two non-reducing oligosaccharides
(R(jal 0*88 and 1»08 in solvent A)
S3 20'£ ethanol 33 Three non-reducing oligosaccharides(above two and third R(jal 0-53
in solvent A).
"4 40£ ethanol 46 A non-reducing oligosaccharide(R(jal 1*08 in solvent A) and a
streak from origin.
The acetone insoluble fraction (7*0 g.) on chromatographic
examination in solvents 3, H and I, using spray reagent II showed
a heavy black streak and a trace of glycerol, whereas spray-
reagent I failed to give any stains indicating the absence of
free reducing sugars.
On hydrolysis with 0*5N-sulphuric acid, this fraction gave
galactose, arabinose, rhamnose, 1,6-galactobiose, glycerol,
threitol and an unidentified reducing sugar (Rj^a 1*10 in
solvent A).
A sample (800 mg. ) of the acetone insoluble fraction was
placed on a Dowex resin X2 (lithium form) column (70 x 2 cm.)
and eluted with water. Fractions (1-5-2 ml.) were collected
every 12 min. and every fifth fraction was evaporated and
examined chromatographically. These chromatogr^ms were streaky
and hence did not reveal any fractionation. Therefore, every
tenth fraction was hydrolysed by heating at 100° for 1 hr. with
Amberlite resin IE 120 (H) and examined chromatographically in
solvent A using spray reagents I and II. The fractions were
bulked according to the hydrolysis products.















& traces of glycerol
& threitol
Streak. Yellow Galactose, arabinose,
spots with glycerol & threitol
spray reagent V
Glycerol,threitoLGlycerol, threitol, &
glycollic aide- traces of galactose &
hyde & streak arabinose
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The rest of the acetone insoluble fraction (6*2 g.) was
fractionated into seven fractions (table below) by dissolving
in water and adding increasing amounts of acetone.
Fraction Ai A2 A3 A4 A5 A5 a7
Volumes of 2 3 4 5 6 8 Mother
acetone liquor
Wt.in mg. 0*231 1*557 0*756 0*380 0*201 0*249 2*411
These fractions were chromatographically examined in sol-
vents A, B, G and H using spray reagents I, II and V, no free
reducing sugars were detected in any of the fractions. Frac¬
tion Ay was found to be composed mainly of glycerol and
threitol, with small amounts of other slow moving components.
Fractions A^-A_j did not move to any appreciable extent on
chromatograms and thus were composed of high molecular weight
materials. Fractions A4-A5 did not give a clear pattern on
chromatogjra^s due to streaking.
Small samples of the fractions Ai-Ag were hydrolysed with
0-5N-eulphuric acid for 1 hr. and the products examined
chromatographically in solvent using spray reagents I and II.
All the fractions gave the following components, but in varying
amounts:- galactose, arabinose, rhamnose, threitol, 1,6-galacto-
biose and at least four unidentified reducing sugars 9*90,
1*10, 1*31 and 1*59 in solvent A).
Fraction A (2*411 g.) was placed on a charooal-Celite
column (47 x 2 cm.) and eluted with water followed by increasing
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concentrations of ethanol. The following fractions were col¬
lected and evaporated to dryness and examined chromatographically.
fraction Sluant Wt. in mg. Chromatography of fractions
Bi Water 892
Bp water 63
B^ 10$ ethanol 84
15$ ethanol 97
B5 20$ ethanol 185
B^ 40$ ethanol 283
Bj 50$ ethanol 78
Examination of Fraction A]_.
Methylation of Ai. A sample (100 mg.) was methylated by four
additions of methyl sulphate and sodium hydroxide solution (30$),
followed by two treatments with methyl iodide and silver oxide.
The fully methylated product (62 mg.) OMe, 39*9$i [c]d -31*9°
(£, 0*86 in chloroform) was h,ydrolysed and the products examined
by paper chromatography in solvents D and F. The following
sugars were detected 2,3,4,6-tetra-Q-methylgalactose; 2,3»4-
tri-O-methy 1galactose; 2,4-di-0-methylgalactose *, 2,3 ,5-tri-0-
methjlarabinose; 3»4-di-O-meth^lrhamnose; 2,3-di-^-methy1-
rhamnose; 3-0-methylrhamnose and a trace of mono-O-methyl-
galactose.
A small sample of the hydrolysis product was methanolysed
Glycerol and threitol






and examined by valour phase chromatography. The presence of
the methyl glycosides of the following methylated sugars (table
below) were indicated.












1* 29 & 1-41
-1-42
1-80 1*49 & 1* 61
2,3,4-tri-O-methy1-D-
galactose r=
1-76 & 1-90 4-74 & 7-50 2-65 & 2-94
2,4-di-0-methy1-D-galac¬
tose
- - 3-75 & 4-44
2,3-di-0-methyl-D-galac-
tose "" ~





3-0-me thy1-L-rhamno se 0*70 3-63 1•01-1*02
In addition to these, a peak (I 0*60 in system (a) and 1-48 in
system fo)) which could be due to methyl 2,3-<*i-0-me thy 1-L-rhamno side
and a peak (T 0*45 in system b) which could be due to either
methy 1-2,3»4-tri-O-methy1-L-rhamno side or me thy1-2,3,4-tri-0-
methy1-D-xyloside, were also present.
Partial Aoetolysis on fraction Ai.
Another portion (97 mg.) of fraction Ai was added to a
chilled mixture of acetic anhydride (5 ml.) and concentrated
sulphuric acid (0*15 ml.). After standing in the ice bath for
half an hour, the mixture was mechanically shaken for 6 hr. and
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allowed to stand at room temperature. A sample (2*5 ml.) was
pipetted out after 18 hr. and the rest was allowed to stand for
a further 24 hr. These two samples were separately worked out
as described below.
Each sample was poured into ice water (100 ml.), pH of the
solution adjusted to 4 with sodium bicarbonate and the mixture
was extracted with chloroform (5 times). Th§ chloroform
extracts were dried over sodium sulphate, taken to a syrup and
dried in vacuum desiccator over sodium hydroxide. The dried
sirups were dissolved in dry methanol (2 ml.), chilled and
barium methoxide in methanol (5 ml., 0*5N) was added and the
mixture was left to stand overnight in the ice box. The basic
solutions were poured into water (50 ml.), treated with Amberlite
resins IR 120, IR 45, again IR 120 and taken to dryness. Paper
chromatographic examination of these products suggested that
the deactylation was incomplete. Hence the syrups were again
treated with barium methoxide, as described above.
Chromatographic examination in solvent A showed mono¬
saccharides and at least three non-reducing oligosaccharides
which go-ve positive reactions with spray reagents II and V.
The product obtained after 24 hr. partial acetolysis had a
higher proportion of these oligosaccharides.
Large scale partial acetolysis.
The fractions Dp, I>2» ^1~^6» anc* degraded poly¬
saccharide III were all combined (4*86 g.) and dried thoroughly
in a vacuum desiccator. The dried material was dissolved
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completely in a chilled mixture of acetic anhydride (85 ml.)
and concentrated sulphuric acid (2*5 ml.) by mechanical shaking
for 7 hr. , and the solution was allowed to stand at room
temperature for 19 hours. The dark solution was poured into
ice water (1 1.), stirred for 15 min. and extracted with
chloroform (6 times). Trouble was encountered due to emulsions,
which were broken up by centrifuging. The chloroform extract
was washed with water, sodium bicarbonate and finally with
water. The extract was then dried over anhydrous sodium sul¬
phate, evaporated to a syrup and dried in a vacuum desiccator
over sodium hydroxide.
The syrup was dissolved in dry methanol (50 ml.) and de-
acetylated with methanollic solution of barium methoxide (50 ml.,
0»5N). The syrup (3*08 g.) which was isolated as described
above still contained acetyl sugars. Hence, the syrup was dis¬
solved in dry methanol (50 ml.) and barium methoxide (1 g.) was
added, when a white precipitate was formed. The suspension was
allowed to stand for 24 hr. in an ice box and methanol was
evaporated off. The residue was taken up in water (200 ml.),
and treated with Amberlite resins IR 120, IR 45 and again IS 120.
Concentration gave a syrup (2*32 g.), clrromatographic examination
of which showed that deactylation was almost complete.
The syrup (2*32 g.) was placed on a charcoal column (27 x 3
cm.) and eluted with water followed by increasing concentrations
of ethanol. Six fractions were collected, but the chromato¬
graphic pattern of these were not clear due to streaking.
One of the fractions (Tj» 157 rag. ) was dissolved in water
<-
and extracted with ether in a soxhlet for 18 hr., to remove
—any polymerised aldehydes which might be the cause of streaking.
The ether phase was found to contain mainly glycerol, and
threitol with traces of galactose, arabinose and reducing oligo¬
saccharides. The sugars present in the water phase were still
streaking on chromatograms.
A sample of the fraction T2 was reduced with potassium
borohyaride and examined chromatographically. Chromatograms
sprayed with reagent I gave no stains, indicating that reduc¬
tion was complete and the chromatograms sprayed with reagent II
showed several stains but thex-e was streaking, even though
less than before reduction.
Another sample of T2 was Seated with N-sodium hydroxide
at 100° for 1 hr. and neutralised with Amberlite resin IR 120 (H).
On concentration and chromatographic examination no reducing
sugars were detected, but at least three non-reducing oligo¬
saccharides giving a positive reaction with spray reagents II
and V were found to be present. The alkali treated sample, on
acid hydrolysis gave galactose, rhamnose and traces of other
sugars.
let another sample of T2 was placed on a small column of
the strongly basic Amberlite resin IR 400 (OH) and eluated with
water. Chromatographic examination, of the water eluate and
of the acid hydrolysis product of this eluate gave similar
results as above, but the yields of the oligosaccharides were
better in this case.
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